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Preface to the Series

The RIKEN BNL Research Center (RBRC) was established in April 1997 at
Brookhaven National Laboratory. It is funded by the "Rikagaku Kenkysho"
(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 nine post docs 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 academic year 1999-2000; this program will
increase to include eleven theorists in the next academic year, and, in the year after,
also be extended to experimental physics. In addition, the Center has an active
workshop program on strong interaction physics, about ten workshops a year, with
each workshop focussed 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 material is collected at the

end of the workshop by the organizer to form proceedings, which can therefore be
available within a short time.

The construction of a 0.6 teraflop parallel processor, which was begun at the
Center on February 19, 1998, was completed on August 28, 1998.

T.D. Lee
September 29, 2000

*Work performed under the auspices of U.S.D.O.E. Contract No. DE-AC02-98CH10886.
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SC2000

International Workshop on
Polarized Partons at High Q2 region

October 13(Fri.)-14(Sat), 2000,
Yukawa Institute, Kyoto University, Japan

International workshop on " Polarized Partons at High Q2 region " was held at the Yukawa
Institute for Theoretical Physics, Kyoto University, Kyoto, Japan, on October 13-14, 2000, as a
satellite of the international conference "SPIN 2000" (Osaka, Japan, October 16-21,2000). This
workshop was supported by RIKEN (The Institute of Physical and Chemical Research) and by
Yukawa Institute. The scientific program was focused on the upcoming polaﬁzed collider RHIC. The
workshop was also an annual meeting of RHIC Spin Collaboration (RSC).

The number of participants was 55, including 28 foreign visitors and 8 foreign-resident Japanese
participants, reflecting the international nature of the RHIC spin program.

At the workshop there were 25 oral presentations in four sessions, 1) RHIC Spin Commissioning, 2)
Polarized Partons, Present and Future, 3) New Ideas on Polarization Phenomena, 4) Strategy for the
Coming Spin Running. In 1) the suceessful polarized proton commissioning and the readiness of the
accelerator for the physics program impressed us. In 2) and 3) active discussions were made on the
new structure function A7 to be firstly measured at RHIC, and several new theoretical ideas were
presented. In session 4) we have established a plan for the beam time requirement toward the first
collision of polarized protons.

These proceedings include the transparencies presented at the workshop. The discussion on
“Strategy for the Coming Spin Running” was summarized by the chairmans of the session, S. Vigdor
and G. Bunce.

At the dinner party, all the participants sit on the floor in the traditional Japanese-style restaurant,
and enjoyed nabe, Japanese Fondue.

Local organizers: K. Imai (Kyoto University), H. En'yo (Kyoto University, ), N. Saito (RIKEN &
RBRC), T. Kunihiro (Yukawa Institute, Kyoto University), T. Uematsu (Kyoto University), S.
Kumano (Saga University), Y. Koike (Niigata University), M. Okamura (RIKEN)

Scientific Advisers: G. Bunce (BNL & RBRC), T. Roser (BNL), D. Underwood (ANL), X. Ji (University
of Maryland), J. Soffer Marseill), L. C. Bfand (ICUF Indiana), K. Yazaki (TWU), A. Masaike (Fukui
Institute of Technology)



Workshop program

2000/0CT/13

9:00

Welcome (Imai Ken'ichi),

1st Session: RHIC Spin Commissioning (Chair Y. Makdisi)

9:30

9:50
10:30
10:50
11:00
11:15
11:30
11:45
12:00
12:30

The new Optically Pumped Polarized Ton Source (A. Zelenski)

Polarized proton commissioning run 2000 (H. Huang)

Polarimetry at RHIC (D. Svirida)

Break

Suppressing intrinsic spin harmonics at the AGS (A. Lehrach)

Partial helical snake for AGS (M. Okamura)

Spin tracking with real Siberian snakes in RICH ( M. Xiao)

Spin flipping in RHIC ( M. Bai)

Overview of RHIC spin commissioning and plans ( T. Roser, discussion leader)
Lunch

2nd Session: Polarized Partons, present and future (Chair V. Rykov)

14:00

14:30

15:00

15:30
16:10

Polarized Parton Distribution Functions with Estimate of Uncertainties

(H. Kobayashi) .

How well do we know the polarized parton densities in the nucleon at present
(D. Stamenov)

Soft-gluon effects in Prompt Photon Production (W. Vogelsang)

Transversity measurements at RHIC (M. Perdekamp, A.Ogawa)
Break

3rd Session: New Idea on Polarization Phenomena (Chair W. Vogelsang)

16:40
17:10
17:40
18:10
18:40

Sudakov Suppression. of Azimuthal Spin Asymmetries (D. Boer)
New Prospects for Polarized Fragmentation Functions (J.Soffer)

_Polarized Ac¢t Production at RHIC (K. Ohkuma)

Large momentum transfer electro-production of mesons (Hanwen Huang)
Move to Dinner at Tozan-sou
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4th Sesgion: Strategy for Coming Spin Running (Chair G. Bunce)
9:00 Summary of Pervious meeting ( Aug 3rd) (S. Vigdor)
9:15 Phenix detector commissioning and prospects for the spin runs (K.Barish)
" 9:45 STAR detector commissioning and prospects for the spin runs (L.Bland)
10:10 First Experiences with STAR level-3 trigger (J.S. Lange)
10:30 Discussion and planning for FY2001 running
11:00 Break

5th Session: Strategy for the Long Range Plan (Chair S. Vigdor)

11:15 Polarized Jet Target for Absolute Measurement of RHIC Proton Beam Polarization (T. Wise)
11:45 Beyond Standard Model at RHIC (J. Murata)

12:15 Discussion for long range plan (G. Bunce discussion leader)
13:00 Adjourn
14:00 RSC business meeting
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Summary of RIKEN-BNI: Workshop on Year 2 Spin Physics at RHIC

August 3 at BNL and October 14 at Kyoto
Steve Vigdor and Gerry Bunce

The RHIC Spin Collaboration met twice to develop a spin run plan and request for 2001, the first
year of spin collisions at RHIC. The first meeting was held August 3 at BNL, with presentations by
Yousef Makdisi on polarimetry, Thomas Roser on the plans for the September commissioning and
plans for the installation of Siberian Snakes for the 2001 run, Naohito Saito presented PHENIX
goals for the 2001 run, Steve Vigdor gave STAR plans and goals, and Wlodek Guryn gave the pp2pp
plans. This meeting took place prior to RHIC running reliably for heavy ion collisions (which
started about August 5), and prior to the September spin commissioning.

There were a number of interesting and potentially important points made in the presentations
and discussion. However, it was clear that we would have many of the concerns voiced August 3
answered by the September commissioning, and that we should meet with that information in hand,
to develop the 2001 spin request. This second meeting took place in Kyoto October 14. We
summarize both meetings here.

A list of August 3 Concerns and Comments

1. Proton-carbon Coulomb-Nuclear Interference scattering is the planned relative polarimeter for
RHIC. How to absolutely calibrate pC CNI? Tie to the AGS internal polarimeter until 2003.
Then use a polarized hydrogen jet target in RHIC for absolute calibration to +5%. A pp
"elastic" recoil spectrometer (~t=0.15) was also installed in RHIC looking at the pC CNI
polarimeter target for the September commissioning run, in order to measure quasi-elastic pp
from the carbon target.

2. Transferring the calibration of the polarimeter from injection to higher energy is o be done by
decelerating from the higher energy to injection energy to re-measure the polarization to learn
whether polarization has been lost in acceleration (and deceleration). (If not, then one can
apply the polarization to the measured asymmetry at the higher energy to obtain the analyzing
power. If polarization was lost, we will need to compare asymmetry measurements before and
after acceleration and finding the higher energy analyzing power will be less straight forward.)

3. The September spin commissioning used a single Snake. In this mode, the Snake must be
turned on after injection, with the stable spin direction. then moving from vertical at injection to
the horizontal plane with the Snake on. Calculations show that acceleration to 100 GeV should
work with one snake, with the orbit errors controlled to the planned level for the spin program.
Radial and longitudinal orientation of the polarization at the experiments can be arranged for
one snake by controlling the snake rotation axis and the beam energy.



For longitudinally polarized beam at the experiments (using either one snake, or two snakes
with spin rotators), different collision angles at the IPs due to orbit errors can create a radial
component of polarization. This effect was estimated at the meeting to be small, but should be
checked.

. The 2001 plan is to bave all 4 snakes and no spin rotators. With 2 snakes the stable spin
direction is vertical. It may be possible to accelerate with 2 snakes, and then to turn off one
snake to obtain longitudinal polarization at the experiments. (This mode became important
when we found that we apparently lose some polarization when we inject into RHIC without
snakes on, which is required when using only 1 snake. For 2 snakes injection is done with the
snakes on, so that polarization should not be affected by spin resonances.)

. A spin flipper will be installed in 2001 permitting reversal of the polarization direction of each
beam independently. '

. All 8 spin rotators, for STAR and PHENIX, will be installed for 2002.

8. The PHENIX spin goal for 2001 is to measure the longitudinal asymmetry Az for nto

production, which is sensitive to the gluon polarization. On August 3 sensitivities were shown
for 70% polarization and 32 pbt. For the expected 5 weeks X 1.5 pb™ and 50% polarization, a .
factor X5 larger errors than those shown are expected, which still represents a significant
measurement when compared with "models” of the gluon polarization. (It was pointed out on
August 3 that the proposed errors were much smaller than expected systematic errors, for
example from imperfect knowledge of the beam polarization.)

STAR views the 2001 polarized beam operation as the engineering run for the spin physics
program, with goals of demonstrating acceleration and storage of well-polarized beams,
reliability of beam polarization measurements, reliability of measurements of small
asymmetries at the detectors, and production of first publishable results. The STAR
collaboration feels these goals are most likely to be met with a concentration on vertically
polarized beam and measurement with a left-right symmetric detector of transverse single spin
asymmetries (A) for hadron production at high pr  The advantages of such measurements are
that they provide an essential fest of the Aimportance of higher-twist contributions to
perturbative QCD amplitudes, which are ignored in all the calculations relevant to the
extraction of Ag, while minimizing sensitivity to the experimental systematic errors that will
most probably dominate polarization measurement uncertainties in year 2. These systematic
errors are associated with large absolute beam polarization uncertainties, reliance on very
precise understanding of RHIC energies and orbit dynamics to predict horizontal spin
orientations, unknown spin-dependence of reactions to be used for luminosity monitoring, and
possible small instrumental asymmetries in the detectors and polarimeters. Statistically
meaningful measurements of Axfor inclusive charged and neutral pion production can be made

out to pr= 20 GeV/c with 5 pb! of integrated luminosity. In addition to vertically polarized



10.

11.

12.

13.

14.

beam, STAR would also want some time to begin studying luminosity monitoring for collisions of
longitudinally polarized beams.

pp2pp will have 1 Roman Pot installed in each ring for 2001 and will start measuring pp elastic

scattering with the standard RHIC tune.

For a 125% absolute uncertainty of the beam polarization in 2001 (a suggested likely error), a
2-spin asymmetry such as proposed by PHENIX would have a normalization uncertainty of
+ 50%; for the l-spin transverse asymmetry proposed by STAR, the polarization scale
uncertainty would be *25%.

The ideal geometry for the Avmeasurement proposed by STAR would be at larger xrthan either
STAR or PHENIX can reach, and can possibly be done with reasonable sensitivity with the
BRAHMS detector.

The need and projected accuracy for luminosity monitoring were debated. It is not essential for
single-spin transverse asymmetries measured with a symmetric detector. However, for Az
measurements it is essential to determine the relative normalization of the collisions with the
same vs. opposite beam helicities to a precision better than the error goal on the measured
asymmetries. For example, if one wants to measure Arz to a net uncertainty of +0.004 with
beam polarizations of 0.50, then the relative normalization has to be determined to considerably
better than 0.1%. One must worry not only about reproducibility of luminosity menitor
measurements at this level, but also about possible real spin-dependences ( 7.e.,, Arr# 0for the
monitoring reactions) that are a priori unknown. An alternative concept for relative
normalization, that would not rely on luminesity monitoring, was suggested and discussed. In
this approach, one would simply assume that over a long run fluctuations in luminosity from
beam crossing to beam crossing, and hence from spin combination to spin combination, would
average to zero, unless there were some unexpected correlation between spin orientation in the
bunches and bunch intensity or emittance. Correlations of the latter type would lead with
longitudinally polarized beams to sizable apparent parity-violating single-spin asymmetries,
and so could presumably be monitored. Correlations of bunch properties with the combination
of spin orientations in the two colliding bunches were considered less likely. This idea was new
enough to most of the attendees that people felt the need for more time to assess it.

Both STAR and PHENIX will {ry to develop local polarimeters to measure residual transverse
polarization at their IPs. These local polarimeters will be calibrated (after first determining that
they, indeed, have a non-zero analyzing power) with transverse polarization in RHIC, either
vertical or radial or both. This is very attractive o do-these measurements would verify
whether the polarization is indeed longitudinal at the IPs (for either the one-snake scenario or
later with spin rotators to obtain longitudinal polarization), and the measurements with
transverse polarization in RHIC would confirm handling of the data (+ and — polarization

-labeled properly). A meeting was organized for December 13 to develop local polarimetry.



CONCLUSIONS from August 3:

The PHENIX and STAR spin groups are in basic agreement concerning the most important
ultimate goals of the RHIC spin program. The detailed differences revealed and discussed at this
meeting arise from two sources: a different degree of optimism in the two collaborations concerning
the timescale for commissioning polarized beam operation and measurements in this unexplored
energy regime, and different installation schedules within the two detectors for equipment
important to the spin program. Despite these differences, the meeting concluded by enumerating
many areas of agreement between the two groups, which should lead to a joint polarized beam use

request for year 2:

® The chances of a healthy and productive RHIC spin program are greatly enhanced by
cooperation among all the interested groups.

® Sufficient polarized beam operation will be needed in RHIC year 2 to permit cornmissioning of
polarized proton collisions, systematic studies of CNI polarimeter operation and reproducibility,
studies relevant to calibrating other systematic errors discussed above, and production running
with both longitudinally and transversely polarized beams. It was estimated that 10 weeks of
running would probably be needed to accomplish all these goals, but a detailed time request

must await further work outlined below.

® The deployment of all four Siberian snakes for the year 2 run was strongly endorsed, as it
provides the flexibility to meet needs of all the interested experiments.

® Some of the engineering run goals outlined by Vigdor should be accomplished during the
anticipated September 2000 polarized beam commissioning study within the blue ring.
Therefore, a more informed decision regarding the optimal breakdown. of requested time among
the goals listed above can be made after the Sept. 19 end of the current running period. The
spin groups will reconvene shortly thereafter to try to converge on a beam use request.

® In the time before the next meeting, more detailed thought needs to be given to quantitative
year 2 systematic error concerns and goals for both STAR and PHENIX, and to realistic
measurement plans aimed at assessing whether these goals have been achieved. Progress on
relevant caleulations will be a prominent topic of discussion at the next meeting.

® The STAR spin group should consider in more detail the possibility of measuring transverse
asymmetries with radially polarized beam. BRAHMS collaborators should be approached to
gauge their interest and capabilities for transverse asymmetry measurements in inclusive
hadron production at high xrand prvalues.

® The PHENIX spin group should reassess the beam time needed for year 2 Az, measurements, in
light of more realistic estimates of integrated luminosity likely to be available, and in light of

more realistic assessments of systematic errors. It makes no sense to push statistical

10



uncertainties to levels far smaller than the systematic ones.

® Installation of a full complement of spin rotators at both STAR and PHENIX at the earliest
possible date is crucial to the future of the RHIC spin program. Different installation
schedules for relevant equipment within the two detectors will inevitably lead to continning
differences in beam time demands for the various beam spin orientations. The rotators provide
the flexibility to accommodate the needs of both collaborations. Continued ecoperation will still
be needed in dividing time between different beam energies.

Kyoto Summary for 2001 Spin Run

First, we learned much from the very successful September commissioning and further analysis of
the AGS CNI polarimeter experiment £950 (after Kyoto):

1. The pC CNI polarimeter worked. Systematics were A4 P<2%.

2. AAN/AMCND=%10% 312% =% 16% at RHIC injection, including energy calibration. The first
error is statistical and connecting the data from the external pp elastic measurement (E925 at
AGS) and the internal CNI measurement (E950 at AGS). The second error is on Ax for pp
elastic scattering at —t=0.15, based on analyzing the world data (Hal Spinka).

3. The RHIC polarimeter commissioning took only about 12 hours! For 2001 we will have 10x the
rate per crossing and a new readout (wave form digitizers) to commission. The prototype WED
worked in its September debus.

4. The polarization in RHIC was about 20%. We need commissioning time before the 2001 run to
reach at least 50%.

5. We also need to inject into RHIC with the snakes on, using therefore 2 snakes in each ring. The
polarization in RHIC achieved during September was tune-dependent due to injection with the
snake off.

6. 1l-snake running is stable.

7. There was a large bunch intensity variation ( factor 2). Is it from AGS extraction jitter? Can
we fix it? Do other beam characﬁﬁsﬁcs vary?

8. The expected luminosity for 2001 will be 1.5 pb? per week.

‘We agreed to request

1. time to commission the AGS to improve the polarization. This work is parasitic to RHIC
running.

2. 2 weeks to commission RHIC for pp collisions. This is independent of spin. About 1 week of
the 2 week September spin comiissioning was used to store and accelerate protons in the blue
ring, independent of spin.

3. 1 week of spin commissioning

11



4. 5 weeks of pp collisions with spin, 5-6 pb™, 50% polarizaﬁon

The total time we request for pp is 8 weeks. The 5 weeks of pp collisions in the request are a

reasonable match for the needs of the heavy ion program for pp comparison running, as well as the
first data with a '

spin collider. We noted that this plan does not fit the 25-week FY2001 run plan for RHIC, and that
the plan requires an extra month to fit.

STAR and PHENIX spinners agreed to request that this plan be part of their experiment beam
requests for the November PAC.

Epilogue

At the PAC, a run plan was decided upon including 2 weeks AGS spin commissioning, 3 weeks pp
commissioning in RHIC including spin, and a 5-week pp spin/heavy ion comparison run.
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A new Optically-Pumped Polarized H Ion Source (OPPIS)
for the RHIC spin physics

A. Zelenski, J. Alessi, B. Briscoe, V. LoDestro, A. Lechrach, J. Macdisi, D. Raparia, T. Roser (BNL), Y.
Mori (KEK), M. Okamura (RIKEN), V. Klenov, S. Kokhanovski, V. Zoubets,(INR Moscow ), G. Dutto,
P. Levy, P. Schmor and G. Wight (TRIUMF)

Abstract

In 1996 Y. Mori proposed to provide the KEK OPPIS for the RHIC polarization program. In October
of 1997 the OPPIS was moved to TRIUMF for upgrade to higher intensity and longer (300 us) pulse
duration. An ECR primary proton source was upgraded from 18 GHz to 29 GHz. A new sodium-jet
ionizer was developed to reduce the sodium losses, increase current and polarization. The cell is
floated and biased to -32 kV, which allowed to accelerate polarized beam to 35 keV for injection to RFQ.
A long pulse laser based on solid-state LiSAF crystal was developed to produce up to 450 us pulse
duration. A 1.6 mA H ion current of a 85% polarization was obtained at the test bench at TRIUMF.
The upgrade has been completed and source was delivered to BNL in September of 1999. The OPPIS
installation, laser room construction and a 35 keV LEBT construction was completed in May and first
beam was accelerated to 200 MeV polarimeter in June. The polarization of a 72-74 % was measured at
200 MeV. The polarized H ion beam current of a 350 uA was obtained at 200 MeV, which corresponds
to about 40% transmission from the source to the end of the linac. In July -August the heam was
injected into AGS and used for depolarization studies in booster and AGS. In September 5-19
polarized run the beam was injected and stored in RHIC. The new source operation was quite reliable.
The ionizer biasing worked well, a 2-3 % sparking rate can be reduced by vacuum improvement in the
ionizer cell and electrode geometry optimization. The pulsed laser operation was reliable. The crystal
dissolution rate is about 0.3 mm in diameter /month of operation.

The 200 MeV polarimeter has to be upgraded for the high-current operation.. The Lamb-shift
polarimeter will be completed soon. It should help to investigate the possible polarization losses in
the 35 keV LEBT. Apparently, a significant part of the OPPIS current has to be sacrificed to reduce
the depolarization in the booster , AGS and RHIC. Therefore, the high intensity development should
be continued.
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A new Optically-Pumped Polarized U Ton Souice (OPPIS)
for the RHIC spin-physics

AZelenski, J.Alessi, B.Briscoe, V. LoDestro, A.Lechrach, J.Macdisi,

D Raparia, T. Roser, BNL
Y Mori KEK,' M.Okamura, T.Takeuchi RIKEN
V. Klenov, S.Xokhanovski, V.Zoubets , INR Moscow
G.Dutto, P.Levy, PSchmor, G. Wight TRIUMF

Kyoto RHIC-SPIN workshop
October 2000
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® The pulsed LiSAF laser works reliably. The crystal dissolution rate
is about 0.3 mm in diameter/month of operation. CureewT : ~ 0.5 A L ¢

~ K5-10 \P er:xmb\A
& About 40% of the source beam was accelerated to 200 MeV. A 350 uA

was obtained at 200 MeV, which corresponds to 6 10" H /pulse. Tion *U ~ &0,
However, the beam optics in LEBT is not well understood, better .~U0 ta w124 ' 2
~diagnostcs and more studies are nessesary. ’

® A 72+/-1 % polarization was measured in 200 MeV polarimeter.

There are some indications of about 10% polarization losses in the 35 keV
LEBT.
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® The Lamb-shift polarimeter is near completion and will be used for the
3-4 keV beam polarization measurements and optimization,

“H
Gﬁﬁ:nprhw \US:\.\PAL e gas +
® The beam diagnostics has to be upgraded for the beamlines and linac fine
tuning and beam current monitoring,

IBIls Type lowizen .

© The 200 MeV _uo._waaoﬁ. has to be upgraded to handle high intensity
polarized beam.

/O ft 3 -++
CurpenwT, ~10 =10 1@ \\o:»mm

® Apparently, a significant part of the source polarized current will be -
nessesary to sacrifice to reduce the depolarization in the booster, MUO LariZaTions’ M\O - 80 %4
AGS and RHIC. Therefore, the high intensity development should be
continued. :
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Polarized Proton Commisgsioning Run 2000

Haixin Huang ( Brookhaven National Laboratry)

Abstract

The recent year-2000 polarized proton commissioning run is summarized in  this presentation. The
AGS vertical RF dipole performed well in overcoming the intrinsic resonances. The ratio of final
polarization vs the input polarization is estimated as 70%, improved from 556% years ago. The
horizontal RF dipole was tried the first time to overcome both intrinsic and coupling resonance at
36+nu. It is demonstrated that in a full-coupled machine, the vertical coherence can be excited by
using a horizontal RF dipole. No obvious improvement of beam polarization by using the horizontal
RF dipole vs. vertical RF dipole is observed. But it looks promising and we plan to test it again in the
future. RHIC p-Carbon CNI polarimeter worked beautifully. The RHIC snake magnets rotate spin to
the expected direction as demonstrated by the polarimeter. The polarized proton beam has been
accelerated in RHIC and the polarization is maintained up to 31 GeV.
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Polarized Proton Commissioning Run 2000

1. AGS spin commissioning
Vertical RF dipole
Horizontal RF dipole

2. RHIC spin commissioning

3. Summary

Haixin Huang BROOKHLVEN

NATIONAL LABORATORY
RSC Meeting
Oct. 13-14, 2000
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¥~ AGS Intemal Polarimeter
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BOOSTER
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200 MeV Polarimeter

. 300 us

Pol. Proton Source
00 A

5

Imperfection Resonances arising from verfical closed
orbit distortion

Gy=5,6,...47 Gy=n (integer)

Intrinsic Resonances caused by vertical betatron

strong oncs motion

Gy=0+vy, 124v,,364v, Gy=kPzv,

weak ones
Gy=244v,,48-v,

Coupling Resonances horizontal betatron motion
coupled o the vertical
betatron molion by some
coupling clements: solenoid

Gy=0+v,,12+v,,361v, Gy=kP+tv,

Semi-intrinsic Resonance caused by strong 1% order

. intrinsic resonance combined
with large horizontal closed
orbit distortion

Gy=60-v4-9 Gy=kPxv&[vy]
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Crossing intrinsic resonance using RF dipole magnet...

(mm)

Vertical Displacement

20

RF Field Strength

20

1000 2000 00 4000 )
Tum Numbar

Total Spin Flip is generated...

Gy=12+v,

® 5=0.004

/m/m [}

IIMT’\(

0.0 20 4.0 8.0 8.0 100
Amplitude of vertical coherent mation In units of rms. beam size

The RF dipole modulation tune was separated
from the betatron tune by 0.004

Exciting coherent betatron oscillation when
crossing the intrinsic spin resonance

The idea of exciting a vertical coherent betatron
oscillation is to let all the particles have strong
resonance strength so that a full spin can be obtained
under the nominal acceleration rate

Intrinsic Resonance Crossing

Driven beam oscillation

> whole beam sees the
the same field

> spin flip

Vertical focusing fields
cause depolarization
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Key parameters to maintain beam polarization

©® Both vertical and horizontal emittance

should be small.

® Vertical betatron tune and modulation tune
separation well controlled.

C.Chromaticity small to get good coherence.
@ Timing of firing RF dipoles.

Running Condition (1)

Resonance

O+v
12+v
36-v
36+v

BROOKARVEN
peration(FY 97) Sepacation(FY00)
0.009 0.009
0.0055 0.005
0.006 0.005

0.0065 0.0045

L
BEROOKHEVEN

33 . NATIONAL LABORATORY



Running Condition (2)

© Horizontal emittance improved from 407w to
<20Tt.

@Partial Snake is slightly weaker at top
energy, ~3.5% instead of 5%.

e
BROOKHEUEN
NATIONAL LABORATORY

Performance of AGS

@ Polarization preservation efficiency

improved in AGS(especially at 36+v): from
55% up to 70%.

©®Scale the polarization measured at Gy=46.5
back to injection, the estimated input
polarization is (preliminary!)
(55+- 9.8)%

BROOKHLUEN
34 NATIONAL LABORATORY
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: * beam turn by turn data in the AGS pp2000 run.

v, = 0.288,v, = 0.286, o0 ’ —
! v, =0.2932 7
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— comparison of the measured asymmetries with horizontal Rf dipole and
vertical Rf dipole
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- Conclusion

— we demonstrated that in a full coupled machine, one can excite a vertical
coherence using an horizontal RF dipole

~ no obvious improvement of the beam polarization by using the horizontal
RF dipole. We think this is because the vertical coherence excited by the
horizontal dipole is not optimized and emittance growth was observed.

BROOKHEVENR

NATIONAL LABORATORY

FY2000 commissioning plan

® June-July 2000: (independent of RHIC operation)

® New pol. source (OPPIS) commissioned and beam transp. through linac: 63%
polarization measured at 200 MeV polarimeter,
200 mA and 300 ms beam pulse (4x10!! polarized protons )

@ August 2000: (during RHIC Au stores)

o Accelerate single bunch (10!! pol. pr. / bunch) in Booster and AGS to

Gg=46.5(g=2594) v

e Commission coupled spin resonance crossing using horizontal rf dipole v
® September 2000: (dedicated RHIC operation) »

e Inject 6 bunches (+ — + — + —) into RHIC blue ring with snake off. v

o Commission pC polarimeter and measure vertical polarization v

e Tumn on snake and measure radial polarization v/

» Accelerate and measure polarization v/

-

BROGKHLUEN
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LYear-ONE polarimeter

E, keV
100
200
500
1000

«Thin carbon target ~ 5 pg/em? X 10my;

*Horizontal and vertical targets;

*4 Detectors 12strips X 2 mm;

*Strips in vertical direction;

*Trigger as *or’ of all strips;

*DAQ with LeCroy FERA 4300 ADC/TDC;
*6-bunch mode;

*Up to 3-10%° p/bunch

Carbon identification by time of flight/energy dependence:

T, ns
118
84
53
37

Polarized proton injection into RHIC

Injection at Gy = 46.5 without
snake: vertical polarization!

Sensitive to betatron tune setting
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Snake operating points

. Rotation Angles for a Helical Snake 5

130 = Y5547 L7
-70 : ; O'O'Illllll.l///
o

S “lll.!!fW
@ Single snake RUN2000 oo N \‘\x\\g&’.’:ﬂ / -
Rz

B1=B2

@ Two snakes for RUN2001

[s] | .. | l _\%Yf\iﬁ\Sg 50 70 O

0 1 2 3 4
B2 [T]

NALIUNAL LABURKALURY

Spin commissioning with a single Snake

“— Gy=48 or 60.3

+— Gy=46.5 or 55.7

polarimeter
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Acceleration with single snake
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Spin.resonances in RHIC (w/o Snakes)

Feb2000a lattice v, =28.23 v, =29.22 and €, = 10 mm-mrad
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Asymmetries measured 1in RHIC

RHIC Aéymmetries normalized to AGS asymmetries
{ Preliminary)

30 e . —
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@ snake on
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Summary

® AGS performed well with vertical rf dipole.

® Lirst attempt to use horizontal rf dipole looks
promising.

@ RHIC pC CNI Polarimeter works very well.
® Snake Magnets work as expected.

©® Polarized proton beam was accelerated in RHIC.

e
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Polarimetry at RHIC

D. Svirida
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POLARIMETRY AT RHIC (CNI)

* Results from E950
* RHIC year-one CNI polarimeter
» Latest results (September 2000)

* Future with wave front digitizers (WTD)
* Some physics

m
Why CNI ?

v Large crossection X Small etfect (1-4)%

v Simple equipment X No precise theoretical caiculations
v Weak asymmetry vs energy dependence

AGS E95 0 Experiment

S e

s o R T L A B T L S S i g M TS T B A s St T e

: Carhon sthbog trect ,
. i e T MCP
4 leom {20 3 7 e e L O g RIID)
< | \‘7 R

< -| < C ‘ - LN

o~ N ‘<P~ 2 L >
B . . N : (.';u.hn:; b Low 1 lectrostiie
el Siticon strip detector TR U TRRE aHrTor
4 (6 x4 mum) | | |

0 13 25cm

« A vertical bunch of ~20 carbon targets

» 2 detectors — 12 strips — only central 6 used for asymmetry calculations
* Trigger as ‘OR’ of all strips, carbon+prompts

* DAQ with LeCroy FERA 4300 ADC/TDC; dead time ~ 15 pus

» 1 bunch mode, ~ 5-10° p/bunch; ~ 40% polarization, 23 GeV

« About 107 carbon events in 2 day run

» Carbon selection by amplitude-TOF correlation

* Two independent methods of data treatment: ‘banana’ or linear cut,

energy calibration by a-source or based on timing with MCP correction —
— stable result
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Asymmetry calculation :
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N. Buttimore improvement : oor |
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pC Elastic Analyzing Power vs Momentum kf‘rgggygr%

Imf,(0)
3 — Bethe’s phase

= Thin carbon target ~ 5 pg/sm? x 10pm
» Horizontal and vertical targets

* 4 Detectors 12 strips x 2 mm

« Strips in vertical direction

* Trigger as “OR’ of all strips

* No prompt particles in trigger

* DAQ with LeCroy FERA 4300 ADC/TDC
* Zero supression mode

* Dead time ~ 10 ps per event + 1.5 s per
40000 events

* 6-bunch mode

* Up to 5-10'% p/bunch

« About 103 carbon events/min

» Carbon selection by amplitude-TOF
correlation

R L]
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Horizontal asymmetry

o Individual runs

th Test oo I # Combined runs

Zero Test\wi

0.c02

« Statistically significant oot
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* Correct correlation with
polarization sign and/or
direction

* Negligible systematic
error with zero
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uture wi

« 6 Detectors 12strips x 2 mm
« Strips in horizontal direction — all equivalent
« 72 independent self trigged channels with wave
front digitizers (WFD)
* Large load ~ 1 event/bunch crossing (zero dead time)
« WFD allows to measure both time and amplitude
of the signal '
« Signal form analysis and zero level subtraction
« Flexible Xilinx configuration: on-board data storage
» Individual bunch polarization measurement

LY,
it

JE

R R e e TR

%

3
%
:

Timing
w - signal

1Q0 -

e

°f !

MIP locus e §
[ PE—Y L 1 I Y PR IRRPIIOE ST U T S T T ~20 Y ] L 3 L " : . i n s L L L &
20 40 60 80 100 120 '3 20 40 &0
*® o | module with 4 channels LS.

+ External common trigger
» Waveform readout
» Software event reconstruction
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- Strong dependence on o5
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beam polarization P
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B Conclusions
« CNI Polarimeter proved to be a simple and

reliable instrument for relative beam polarization
measurements at RHIC

« WED development will allow to achieve 5%
accuracy at full RHIC luminosity and individual
bunch polarization measurement

« Accurate estimate of spin-flip pC amplitude can
be done, provided the absolute polarization value
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Suppressing Intrinsic Spin Harmonics at the AGS

ALehrache, M. Baizs, J.W. Glennz, W.W. MacKay?, T. Roser &, V. Ranjbar ab
(a) Brookhaven National Laboratory, Upton,
(b) Indiana University, Bloomington, IN 47405, USA

Abstract

Over the last decade several improvements have been made to increase the polarization of the
proton beam at the Brookhaven Alternating Gradient Synchrotron (AGS) [1l. A partial snake was
installed to overcome all imperfection resonances in the energy range of the AGS [2]. The rf dipole
concept to preserve polarization at strong intrinsic resonances has been demonstrated at the AGS
for the first time 3]. Polarization losses have been observed at weak intrinsic resonances. One
method to pre = serve polarization at weak intrinsic resonances is to change the betatron tune
rapidly before crossing the resonance. Due to the non 2 adiabatic nature of this tune jump, the beam
emittance will increase [4]. More efficient is a method called suppressing intrinsic spin harmonics,

first successfully applied at the Cooler Synchrotron COSY [5]. In this presentation we describe how
to use this method at the AGS.
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Int. Workshop on Polarized Partons at High Q*2 region

Intrinsic Spin Harmonics
at the AGS

- introduction
- methode

- conclusion

Andreas Lehrach, BNL
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Ex : normalized vertical emittance
dB,/0x : vertically focusing pradient field
Bp : magnetic rigidity
By : vertical betatron amplitude
Vy ¢ vertical betatron tune
K : resonance tune
© : orbital bending angle
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Betatron amplitudes (m)

AGS unit cell
112/3|/4/5{6,7/8/19/011/2/3/4/5|6/7|8
hih vivihih|v|vih/hi{v|vihlh|v|v h h|v
sisi1i1 {11 |1ls|sis|s|1|1!1 111

- tuning quads at 3 and 17
— symmetry points at 5 and 15 .
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Suppressing Intrinsic Resonances at the AGS

a.02

0.003 = 6 = ‘
yG=12+vy
v= 85 8.75 9.0
o 0002 Fnoooos ----------------- -, ---------------- -----------
% _ é . E ‘E ¥G=24-v,
= 0001 boonnn o ‘ - g oo 1 ------------ / y/f'if/- ------------
N | S e
___________ '.----_.____u_..-_-_‘;w_\:_f..y{f-- - _-w..:.--._-__.-‘—.-
: \\ - s
: LT ! 1G=48-v
"""""" B NS N
-0.02 ~0.01 0 0.01
g JHm™)
Hardware
- power supplies : X =700A, V =+ 170V
- magnets : R =0.161 Q, L = 0.02567H
- rampe rate : 330A / 50msec
'YG tug (msec) tdown (msec) Imax (A)
24 -v, 60 40 -180
24 +v, 50 - 30 -360
48 - vy 30 50 +360

- required ramp time : 110msec

factor two slower acceleration
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Froissart-Stora

P; : initial polarization
P;: final polarization

O : resonance crossing rate

Conclusion

- quads at position 15

- slower acceleration
-> weaker partial snake

> 70 % polarization from AGS

: resonance strength

- partial snake : 6 ~ Vou

€
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Partial helical snake for AGS

M. Okamura, T. Tominaka, T. Katayama, RIKEN
N. Tsoupas, BNL

Abstract

In order to achieve high polarization of proton beams at RHIC, a helical partial snake
magnet will be useful device. This new snake will be installed at AGS instead of
existing solenoid partial snake magnet. With an RF dipole, the existing solenoid partial
snake magnet could increase polarization up to 50 % at 21 GeV in AGS, however this
result: still does not fulfill the requirement of the project. It has been observed that
much of the remaining depolarization occurring in the AGS is associated with
transverse coupling resonance, which is due to the strong longitudinal field of the
existing snake magnet itself. By replacing with the helical partial snake, the coupling
will be reduced dramatically. The new partial snake system will be composed single
normal conducting helical dipole and with steering magnet on both sides. Planned field
strength, bore radius and lepgth ave 1.5 T, 75 mm and 1.5 m respectively. Detailed
design of this magnet will be presented.
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Partial Helical Snake for AGS

RHIC Spin Collaboration
October 13(Fri) 2000
Yukawa Institute, Kyoto University, Japan

M. Okamura / RIKEN

Contents:

1. Solenoid and Helical Magnets

2. Basic Design of the Helical Dipole Magnet.
3. XY coupling (Longitudinal Magnetic Field)
4. Conclusion
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1. Solenoid and Helical Snake T-BMT equation

Polarization are lost at spin resonances in a synchrotron. 45 _ge Sx|(1+Gy)B, +(1+G)B_+| Gy + Y |ExP
dt ym . y+1
At AGS,
Dipole field Solenoidal field

Imperfection Resonances Constant ficld st h Should be ramped
Solenoidal partial Snake onstant held strengt outd be rampe
Intrinsic Resonance . Helical Dipole for the AGS

———» RF dipole
Net deflection = Zero

Orbit displacement ——— Steering Magnets

However,
strong longitudinal magnetic field _ i
exists in the solenoidal snake. : Helical Dipole
Transverse coupling. . ﬁ, 1

\

_ .. Steering Magnets
Additional Intrinsic Resonances. g Viag

Not onlv £ (ool Still there are some longitudinal fields.
of only trom <w§nm tune Operated high (constant) field at low beam
but also from horizontal tune. energy.
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2. Basic Design of the Helical Dipole Magnet

3D plot by OPERA/TOSCA

Effective magnetic length : 1500 mm

Bore: 150 x 150 mm

Field strength: 1.61 T (for 9 degree spin rotation)
Yoke length: 1393.2 mm (334.67 degree rotation)

Feild strength in the yoke

400
¥ fom)

36.0

25.9

20,06

180

o

0857 46 a0 120 @6 240 300 380 Lm._u _
i)
Cumponunt: BAOD
218548 8515.61 168164

2D calculation
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Table 1: Design Parameters
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553583 mmmm §essEmg SSREEF S

=

Site
s

Coils

Yoke

Parameter

Current density (A/cm?)
Total current (A turn)
Power dissipation (kW)
Conductor size (mm)
Diameter of hollow (mm)
Inductance (mH)
Number of turns

Height (mm)

Width (mm)

Rotation angle (degree)
Length (mm)

Packing factor (%)

Value

754
198000

19

11.5x 11.5
7.5

95

168 (14 x 12)

560
870
334.67
1393
99

Table 2: Multipole components

Dipole (T)

2D 3D(azi 3D(ver.
1.655 1.613 1.622
Sextupole / Dipole 4.2 x 107 -4.0 x 107 -9.3 x 107
S6.1x 107 59x 107

Decapole / Dipole 9.1 x 10

Reference radius is set to 50 mny. Al the values are based on normal consponents,
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Optimization with 3D calculation

Y fem)

3.0
X fem)

Componant: BMOD
_::o?w 17495.8 21888.7)

Pole shape with shim
The sextupole component with revised shape is

8.9 x 10-3 which is based on 2D code.
The 3D calculation gave the ratio of sextupole is 5.8 x 10

4

.

Field)

I Magnetic

na

Transverse Coupling (Longitudi

3

R

)
3303

h\%m“&i
g

Partial Helical Snake

AL
I

64



Tracking using 3D field map

RBeam Position
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Longitudinal Field Integrals of Partial Snakes
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Conclusion

The new helical partial snake was designed
using the 3D magnetic calculation. The
longitudinal magnetic fields, which cause the
transverse coupling, were estimated. We
believe that the new snake system is effective
to reduce depolarization in the AGS.
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Spin Tracking with “Real” Siberian Snakes in RHIC

Meiqin Xiao* and Takeshi Katayama®*
*Fermi National Accelerator Laboratory,
**Center for Nuclear Study (CNS), the University of Tokyo/RIKEN

Abstract

The numerical study of the spin depolarization in Relativistic Heavy Ion Collider (RHIC) at BNL
due to the intrinsic and imperfection resonances has been carried out by tracking the orbital and
spin motion of polarized protons with “real” Siberian Snakes in the ring, based on the magnetic
field-map produced by TOSCA calculation, from the injection energy of 256GeV to the top energy of
250GeV. Firstly, the energy-dependent numerical orbital maps and the spin matrices of a Siberian
Snake have been obtained by a method to combine spline interpolation functions for magnetic field
fitting and TPSA (Truncated Power Series Algebra or Automatic Differentiation) approach for
extracting an exact orbital map around any ray. Secondly, the symplectic problem of orbital map was
solved for the spin tracking for 107 turns. And then, the code SPINK was upgraded to carry out
spin tracking. Finally, the numerical spin tracking in RHIC with “real” Siberian snake was carried
out. The single- and multi- particle tracking results show that “real” Siberian Snakes can keep the
polarization of the protons through the acceleration to more than 95% in a RHIC machine with no
misalignment and no field error, if the polarized protons are extracted from the emittance of
10pmm.mrad. In the machine with misalignments, it is found that the bigger the misalignments,
the stronger the depolarization resonances. If r.m.s. misalignment is as large as 2.5mm, the
corrected closed orbit distortion should be less than 0.2mm in the ring. The average polarization in
this condition is about 73% at the top energy. On the other hand, it was found that “real” Siberian
Snakes introduce the coupling of horizontal and vertical betatron motions in the low energy region.
The operation points cross 10th order and 5th order sum resonance lines and difference resonance
line dwring the accelerz;tion. However. these motions in the low energy region do not affect so
seriously the spin polarization.
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1. Introduction

« RHIC-Spin Project (Figure 1) at Brookhaven National
Laboratory, under the RIKEN-BNL agreements, has

v
=
In]
=]
Z
=

planed to install two Siberian Snakes in each RHIC main
rings to accelerate polarized protons without losing their
polarization from the injection energy 25 GeV to the top
energy 250 GeV.

« Typically, there are two kinds of depolarizing resonances
exist during the acceleration, intrinsic resonances, caused
by the focusing fields, and imperfection resonances,
derived by magnet errors and misalignments. .

« Siberian Snake is a local gpin rotator, Emc«m 2 indicates
how one or two snakes to cure the imperfection
depolarizing resonances. With the installation of two
snakes in one ring, the spin tune of polarized proton
becomes ¥ and is independent of the energy. wmms.o 3
shows the stable spin directions in the ring with double

snakes installed.

w
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M R
i ,
\\ Type IF Snaks
/.'
X
B
Single Snake / Transverse Kick Single Snake / Transveise Kick
a. Stabilisy of longhtudinal spin with one snake, b, Stbility of verdeal spin with one snaks and radial pesnubation |
4
X

3

. ] . /V
One Snake / Longirudinal Kick .| \m\@\dw | Srake ‘ J
Spin Tene = 172 ~L7 \A\

A N

¥ \\J LA
C. Stability of vestical spla with one snaks and fongitudinal purtecbadon, 9\&
«* - ~Tyge I Snake
~
~ .. S
“ /:;Ilcnl\lw\ ~ %

Fig 1.7 Single Snake with perturbation, can not cure the imperfection depolarizing
resonances of vertical polarization due to stable direction: s-direction

Fig 1.8 Double Snakes: stable spin directions: versical (v-dircetion)

z 17
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e Siberian Snake in RHIC consists of four superconducting
helical dipole magnets (See Figure 4). The dipole figld of
a 2.4m long helical dipole magnet should rotate through

a complete 360° from one end of the s.a.mmsﬂ to the other.

A real helical dipole has no more idealistic magnetic
fields, but large longitudinal magnetic field, as well as :
fringing field, which results in the incomplete
cancellation of the perturbation.

* The simulation on spin 358.5.8 with real Siberian
Snakes is required to estimate the realistic depolarization
phenomena. The present work was done based on three- . aﬂm% :
dimensional numerical magnetic field map provided by

TOSCA .

COMPLETE

3 ; SNAKE
3 : : ] ; July, 1999




2. Brief Review to the Spin Dynamics
P The evolution of spin vector of polarized Eo&b. in external

electromagnetic fields is govern by Thomas[1927]- BMT

_ [1959}equation: 4
! S e L Co
== Ay:?@ow% ¥(1+G)B, 1x8 )

" where the polarization vector :8 " is expressed in the frame

: that moves with the particle. G = 1.7928

,the anomalous.

magnetic moment of the proton. y= E/m,c?. ~
~
At the same time, the velocity of the particle obeys Lorentz

force equation:

N e =
—=—(—)[B IxV
pisiaw LT L B O

Compare with Eq. (1) and Eq.(2):

(1) In a pure vertical field, the spin rotates Gy times

faster than the orbital motion.




- (2) We.define: Spin Tune vy, = Gy the .m.cm_éma of pin’” " 7 7 T u.. M%Ew.&mnmmmm OHU; Ewﬂm NEQ
Sﬁmﬂosm in one 8<o~=co=. . :

SRR ~unitary spin matrices ‘of Siberian

»\Q{Aﬁ at RHIC top ozﬂm%
Snakes in RHIC ,
s The spin aw@oymaﬁumos dué to Rmosmsgmow: ca. studied ¢ Three dimensional spline function interpolation method
. ;numerically. by -tracking the orbjtal and. spin:motion of . B R developed to : describe - the .:E.gmo.a.....mm.a map -
protons in the ring. | including fringing field. Based on % of a helical magnet
About . 7. 107, turns. have to be tracked to see the . - field map; the magnetic-field of nmor helical magnet is -
 behavior of the spin in RHIC during the acceleration.” "~ - " constructed and optimized to ‘get spin rotation as
m ¢ Thekey issue for such a long-term wmogm istokeepthe complete as possible. See Figure 5 and Figure 6.
\ symplecticity for the orbital maps and to m.cm.nw.a,mo the . e Energy-dependent spin matrices, spin rotation angles and R
: cﬁxmaq for the mE.z matrices. - : . - : .mmms axis .m:mrwm of the Snake are calculated mﬂ_.o..,cs.a _Em

. .central ray. The unitarity of spin matrices obtained in this.

way is checked and found the mwaco: from 1(unit) is
about 107 8 It is very close to :.E.SHQ as HBEH d, (see
7 Table 1) .

* TPSA (Truncated Power Series Algebra or Automatic

Differentiation) is introduced. The TPSA approach

_p .

makes possible to get an accurate map around an

arbitrary ray (see Table 2).




Position (m)

Fig 2.7 The magnetic field distribution of the. Snake along the central ray
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Fig 2.5 The trajectory of the central ray and its corresponding spin
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: ' Table 2.4a 6-D E.EE_ maps of mupwmv with the E:._Em { .v: 2 S. el n; at Err
q.mc_n 2.-3.Spin matrices and the" E%mo:é mu_u axis E_smv of muaﬁ Type.A and Snake .+ R energy. setting- -,

. . m...u. Q.m< ) =
Siberian Snake Type A + Siberin Snake e:a B . 0" order map -0.1409355687180603E-03 -
N U.18345787 -0.03233694 - 0.082481 %0 " 0.18405357- 50324990 098237879 0.33580323572610115:06
w|  oonems 090870777 -003913085. [T 0103235887 -0.99871114 0.03910192 -0.48012031991744612-03
hm <. 0,98248510 @bwoio_..\.;o._ﬁﬁ& .93556 osm@&ﬂé;ﬁsm 0780201 20153771348-04
A = S0.27140025°,0-0.00203346" _ $ 30287644917, B--0.00261130° +12:20079225637041" _
0.07933313 -001336230 0.99675860 - " 0.07943613 -0.01342263 -0.99674450 o
z| 001334569 099980629 -0.01448544 0.01340345 -0.99980455 0.01453284
B = 099675881 001445101--0,07913942, +0:07930068 099711713, 1227386124 008 o 200028444
=3 ?b‘.sm.um&%.m.._.288&% R 000044143, 099743369 0,00006690 --0.00303568 0. 2000000515
fiatdhinie o ] [0.00382319 002406099 0.03356808 1192552100 0. 0.00115692
002520247 -0.00137524 0,99957257 0.07536554 -0.00146310 -0.99557059 - 000015083 0.00652518 -DOI067TS 093474403 0. 0.00010906
F|  0o01a7767 09299804 000142008 0.00145955 -0,99999779 " 0.00151146 10.00000215 0.00036189 -000011210 -000020649 10 0.02099824
S| 099957257 000141855 002520052 -0.99957061 -0.00150316 -0.02926333 o N 0. 0. o, 10 “
: ¢ = 45.83668005°, 8 = -0.00003128° ¢ =-45.83848502°, 8'=-0,00017071° e~
001254384 0,00288311 0.99991204 0.01279643 0.00286726 -0.95991401
-0,00288466 -0.99999157 0.00292069 -0.00287433 -0 88@_& -0.00290427
0.99901204 -0.00292221 -0.01293742 -0.59991399 0.0020)§25 -0, Edmw: E=250GeV
7§V a5,37076334% § < 20,000031 18 - -
0.00485463 0,00507210 0.99397535 0051] Zer0™ order map 0.6554369430470079E-08
-0.00507410 -0.99997414 000509672 | -0.00512565 -0.99997365 -0.00513996 -0.7465596536062003E-08
| 0.99957534-0,00509871 -0.00482879 _|*  -0.89997535 0.00515019 -0.00477179. 0.8642845640906037E-07 )
T § = 4513870742, 6~-0.00008041° 3 =45.13708133", 8 ~0. 00020778 : 0.1595308597917521E-07
000003863 ~0.00640308 099957946 20.00007959 0,006438 15 -0,99997927 +12:28041065499392
2| -0.00641177 -0.99995891 0.0L6+ 913 0.00644504 -0.99995851 -0.0064375} 00 '
m 099997944 0.00640913 0.00001245 -0.99997923 0.00544440 0.00012109
< 1 order miap 009987402 1227993881 0.00007164 -0.00029680 0. D.00U000018
¢ =45.00023181°, 0-0.00000941° §~-44.05712530°, 0=-0.00011464°
RS i ST 000002035 0:99987606 -0.00000085 -0.00012853 0. 0.0000000
-0.00002987 000014282 099947619 1227772255 0. 0.00000012
i ) .0.00001740 -0.00013731 -0.00008627 099946440 0. 0.00000003
4.?. datevminaits &. oM Ao w—:.s w1 G2 0. 0.00000009 0. -0.00000006 0.0002093
0. 0. 0. 0. o L

Type | w at _:u__ energy ms::m

e g0




* The symplecticity violation of the orbital maps of the

snakes directly calculated from a field Emm is found

Euumo @mS

5.47x10™ . We introduce the exponential R@Bmmimcos

x; LR 3 S XY,
- -+[0.02303934 - 0.00973409-. - 0.61665107-. - 029190488

| 0.00069150 -0.02909934 -0.18357057 - 0.04768163
-0.03238993  -0.43986280 | " 0,03756494

of Lie operators for a matrix, and &o: an iterative

procedure is %«iovma to mwav_ooﬁ@ Eo Bmmm of

o . Siberian Snakes up to the second order (see Table 3)..
<0,0053780% 21} omquowﬁ O Scumwne ’ B o ’ : -
1-0,00003206 -0.00026759 - m “ﬁﬁ 377 - c.ccoocoow
0. 0. -0, 0.
c Pt

L1 &aw&w 003047694 56646593 729.62620
-0.26365740  0.000i7903  -0.29367107 - 2.04001464
0.08352857 -0.00198998 0.08389846  0.02223569

0.08994011  -0.00013041 ° 0.09001595  1.02120092 * _ ©
0.00013538  -0,00012640  0.00019041  0.00241431. . . =
0. 0. 0. o e LT
Yo' Py YR Pt Pu Yo' Py
ogmﬂiw. 0.00004287 1 -12.28015316 - 0.00002543
+.0.08343674 75: 0.00001359 .- 0.0000401 2+~ ,00000009) _

-02680199  0.00016369  -0.00056972  0.00202648
0.00077952  0.00000003  -0.00004256  0.00024472."
-0.00102856 '~0.00000078  0.00000023

- R _
P < : ' ’
P Py Po Pio
145429993 ~ 0.00087571 - 0.00000061
0.50979 93 0.00012782 0.
-0.81574917 -12.26702986 -0,00000088 o

0. %N%d 0.00203844 " - 0.00000012
cr. - -614288275  0.00000136 ° - 0.00031398
o, 0. 0.




--,Obtained by TPSA

" Take the linear map of the Snake for E.mauwmw_.mmwom 250GeV, for

.- example, to check the symplecticity .ﬁo._@.mp:

0.99987402  12.27893881 . 0.00007164 -0,00029680" 0
:/-0.00002035 * 0.99987606 -—0.00000085 - 0:00012853
M. | 0-00002987 0.00014282  0.99947619  12.27772255
T|-~0.00001740 -0.00013731 —0.00008627 0.89946440
.0 09 0000
-0, ’

0.00000018
0.0000001

0.00000003
20031

Then,

ME-d-My - d : o
0.00000000E+00 -0,10447375E-08 0.16545028E-04  0.55258523E-04
0.10447375E-08  0.00000000E+00, 0.55156686E-04  0.54702027E-03

_|70.16545028E- 04 -0.56156686E-04. 0.00000000E+00 (.60216855E:07

~|-0.55258523E-04 -0.54702027E-03 -0,60216855E-07 0.00000000E+00

( 0.00000000E +00::: 0,00000000E:+00 = -

| 0.00000000E:+ 00:-0.00000000E + 00
-0.48549000E-11 0.17995693E-06 -0.20994791E-07 -0.18841908E- 06

Symplectic Condition for the Linear Map of the Snake

© 0.48549000E 11

0.00000000E +00,

0.00000000E +00 - 0.17995693E - 06

777t " 0,00000000E 00 * 0,20994791EX0;

’ T 0,00000000E +00  0.18841908E~ 06
0.00000000E +00 0.00000000E + 00

0.00000000E+00 0.00000000E + 00

The maximum symplecticity violation: 5,4702027x10™,
The determinant deviation from 1(unit): m..uu@emmcx;.m.

~Maximum error of the magnetic field in Maxwell equations:
1.276x10”

The concept of symplectification

that we expand this map in powers of € to 4 specified order k and

denote this map by m._m :

_wm =T0+ Tl 4.4 TheK,

- Two concepts: . SO

» Symplectic Completion of the Taylor Coefficients

B = WO Wie 4+ WiE,

L] - =
B+ AR = Y (AW W el
- Je0, .

.-~ * Symplectic completion of 2 map

Linear map is taken to do spin tracking

’ Suppose a symplectic :Ew. of Ex_am space, m..m {X,p) - Let us assume

3

(3.22)

(3.2.3)
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. An iterative Eonmmcnm to mmﬁ m.

Iavau 4: . lv

" Construct a new map M, so that

exp(—F V)M =1, ="
do | .ﬁ.

o .?cﬁ

- m=ndym, )

L is the length of a Snake, D(L/2) is the drift matrix. Then, the :n.mmn 7 m. A
=F;+m when i < v
part of NE isa an_.cn near EE_:Q 4 N Conve m». ervey @2,.\3

A.map- near the EQEQ can cm mxbnmmmmn\mm mo:os.

m e
'}'51
<

M =exp(F.V)I, : | o P

0
—

Path F:w:. we used: diagonal of 6-D Eﬁm_.n:vo

,m 10,0,0,0, 9, &lv»lx Be % @ eat, )

“—

where I, is Emﬂ:@ map, F F.Vis FS ouﬁ.w::.. ‘
. : : ‘ ) \K a..%ﬂo«an.v?N .

. . l

f 3 ¥ 2 ﬁm\ &Ho 13 ,

R B A & ki L§ :-L& =Dk Dk

I R T . e , o Miym =DMy, o, DG

. . = . M - . N\
IUAWV mxwﬁ.\.i‘& UAMV

If M, is symplectic, Ems we obtain
V=ifi= l.\ﬂ\. :

f@)=[E-F@E)-dz'

where Z=(x, py, ¥, py, —cAt, p))




Table u 1The &.5@_»253 linear Euwm ofa m:ES and :_m:. &5.22:2
. E=25.Ge} - .

.mw:.u_m.zimu .
1% order Mg’ - .-

| 0.00044179 ,o..&q&.c:.
0.00085553 002774281
".0,00007184  0.00295773
00000131 0.00040251

0. " 027251E-08 0.47700E-13 Q.41281E-11 0. 035250E-14
-027251E-G8 0. 0.54769€ -11 -0.31580E-11 0. -0.18758E-1l

.o.uuN.mom .14 |0.18758E-11 -039773E-12° 0.35995E-12 0. 0. . - . -
The mn&n:n,: of the determinant from 1; 0.26640723E-08

m..umahwc . ) ) . o

w«sﬂ_:i& T T 099987402 12.37993880

ogaoiwe occamcwuw 0.99947619 . ]
-0.00000913 -0.00010570  -0.00008626  0.95946440 .Pfcnooocoaou

0. 0.00000013 -0.00000001 --0.00000018 1.0 0.00020931

M J-M-Ju
0: 0.22039E.- 08 - 0.34293E -13 -0.46319E-12 0. -0.47910E-19

- 0.22039E - 08 0. -037064E-12 -0.12354E-11 0. --0.70241E-16
-0.34293E-13 .0.37064E-12 0, . -0.42443E.08 0, -0.34691E-16 ... . e
046319E-12 0.12354E - 11 0.42443E-08. O, 0. -D.84241E-16
00 007 o 0. 0. 0
0.47910E-19 0.70241E-16 0.34691E-16 0.84241E-16 0. 0.
The deviation of the determinant from 1: -0,20404467E-08

Table 3.2 The symplectified second order coefficients of a Snake's map for the protons

with the energy of 250 GeV at high energy setting

3 1
BN X Py Py

0.02303934  0.00976078  -0.61646155
000069211 -0.02908618 -0.18351881 -0, SHSB i
-0.10809657 -1.19092179 -3.66103610  0.00128103
-0.01768602  -0.21820923 - ~0.74449077 _ (.0QTA4761
-0.00000615 -0.00005068 -6.14011250  -0.00000003
0. 0. 0. o,
Pu Yo B/ X Py
‘119082535 ' -0/00061269  -1.19093363 . -7
-0.21820515  0.00352144 -0.21821168  -1.48890894 °
0.05736501  -0.00198868  0.05775346  0.98313234

008776228 -0.00013115 008783942  1.02059284
0.00013923  -0.00012372 000006173  0.00164540
) 0. 0. )
Yo' Pra. ERYR PoPu Yo Pun
0.05808000  0.00020186 -12.27930018 - 0.00013947
008780034 -0.00001231  0.00019925 . -0,00000000
-026888323 000006204  -0.00060672  0.00204296
0.00077525  0.00000002 -0.00002726 000024740 -
-0.00099562 0. ~0.00000092  0.00000024
Py Pu vi

0.49369955  0.00091557  -0.00000046 .
0.51037486  0.00005000 0.

-0.81566519 -12.26692037  -0.00000073

0.13925737 - 0.00205491  -0.00000012

-6.14278991  0.00000163  -0.00031398
0. 0. 0.
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Fig 4.5 Spin tracking with real Snakes in RHIC, orbital tracking with the
symplectified “transport™ matrices from Code MAD
o &=g= Summanrad, b. &= &= 10nmm-mrad,
¢ &=&=15tmmmrad, d & = £ =20mmm-mrad.
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Fig 4.11 Spin tracking with real Snakes in RHIC, orbital tracking with the
symplectified “transport” matrices from Code MAD
Misalignment randomly assigned, Corrected Closed Orbit Distortion = 0.5 mm
a. & =&= Stmmarad, b. &= g = 10mmmmrad,
C. & =& =15mmmmrad, d. & = & = 20mmm-mrad
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Fig 4.12 The average results of polarization from 32 particles' ¢ racking in RHIC with
no misalignment and no field errors, Original eanttance: 10nmm.mrad.
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Fig 4.13 The average results of polarization from 32 particles’ t racking in RHIC with

r.m.s. misalignment of 2.3mm and corrected ver closed orbit distortion of
0.189mm. Original emittance: 10rmm.mead.
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« Due to the presence of large longitudinal magnetic
fields in “real” Snake, the coupling of horizontal
and vertical betatron motions are found, and the
vertical betatron tune is found to change from
29.22 at the injection energy 25 GeV to 29.18 at
the top energy 250 GeV (see Figure 11). It means
that the operation points cross many different

resonances during the acceleration,
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5. Conclusion

We have solved the symplectic pfoblem on the orbital
motion in the Snake magnet, one of the key issues for spin
tracking, and have performed the long term tracking of spin
and orbital motion of polarized' protons in RHIC. The
simulated results show the necessity of high level
correction of closed orbit distortion, and predict the

“actual” operation conditions in RHIC.
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Spin Flipping in RHIC

M. Bai, A. Lehrach, A, Luccio, W. W. MacKay, T. Roser, N. Tsoupas
Brookhaven National Laboratory, Upton, NY 11973, U.S.A

Abstract

At the Relativistic Heavy Jon Collider (RHIC), polarized protons will be accelerated and stored for
spin physics experiments. Two full helical snakes will be used to eliminate the depolarization due to
imperfection and intrinsic spin resonances. Since no resonances are crossed in RHIC, the beam
polarization remains fixed through acceleration. However, in order to reduce systematic exrors, the
experiment often requires the polarization direction reversed. This paper presents a method of using
an AC dipole to obtain a full spin flip in the presence of two full snakes. A similar method of using an
rf solenoid for spin flip was tested at [IUCF [1, 2].

References
[1} D.D.Caussyn et al., Phys.Rev. Lett. 73, 2857 (1994).
[2] B.B.Blinov et al., PRL 81, 2906 (1998).
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* Thomas-BMT equation
ﬁi_—.ggxg?:——e~—{G7/BL+(1+G~)B,,'+(Gy— /4 )}Exﬁ]xf
dt ym

y:-1 c

S: spin vector in the particle’s rest frame.

€: spin precession frequency.

G: anomalous gyromagnetic g-factor. For proton, G=1.7928474.
B, : transverse magnetic field in the laboratory frame.

B, longitudinal magnetic field in the laboratory frame.

E: electric field.

B: the Lorentz factor.

In a flat circular accelerator. While the particle travels around the machine,
its spin vector precesses around the guiding magnetic field, or vertical
direction.
2
EROOKHAUVEN

NATIONAL LABORATORY

— Spin tune v, :
number of spin precessions around the axis when the particle
circulates one turn in the machine.

For a perfect machine,

spin tune v,= Gy

For RHIC, [
spin tune = ;‘Wx - |, ¢, and ¢, are the axis angles of the two snakes

with snake axis set at (45°,-45°), the spin tune = 0.5.
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— RHIC polarized proton acceleration layout

Polarized Hup.oﬁon OOE&QS at BNL

RHIC
Palarimeters
Lmax= 2x ”—Owo mlu A PP2PP
~ 70 % Polarization
¥E = 30~ 500 GeV
Revolution frequency = 78,196 kHz
RHIC
Spin Rotators

w;uﬂuwu. Snakes

RHIC RF Dipoles

2x1011 Pol, Protons \wcnnr
€= 20 . mm mrad
Partial

Siberian Snake

Vertical
\.\ AC Dipole

AGS
Palarimeter

200 MeV

Polarimeter

Accumulation of 20 Pulsas

ﬁﬁoz Pol. Prorons / Bunch

€ = 10 7. mm mrad
Linac

35pA, 350 us, SHz -

80 % Polarization Polarized H  Source

-wn.n-ua-n:ﬁ:mz

Z>4—07_>F LABQRATORY

_—F

BROOKHLUVEN
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-12-0.99

38

Bp

beam revolution frequency
spin flip, the frequency ramping rate of the RF dipole

4

RF dipole field oscillation frequency

1+Gy B,_L

n

An RF dipole with horizontal oriented oscillating dipole field induces
v

a spin resonance at
To achieve more than 99%

Its strength is:
has to satisfy:

* Spin flipper -- use an RF dipole to induce a spin flip in the
presence of full snake(s)




— spin flipping

» tune the snakes axis so that the spin tune is away from 1/2

» adiabatically turn on the RF dipole field with its oscillation frequency away
from the spin tune

» slowly ramp the RF dipole oscillation frequency across the spin tune so that
an adiabatic spin flip is induced

» slowly turn off the RF dipole

» turn the snake axis back to 45°, so that the spin tune is back to 1/2

BERODKALWEN

NATIONAL LABORATORY

* A simple simulation of using an RF dipole as a spin flipper
» tracking model

shake (45 degtees)
snake (45 degtoes) s_cootd=3075.784 m
s_coold=1158 43 betax=25.5815 m
betsr=21.5321 m alfe=17312
alfx=-14339 betay=07. 3588
betay=23.1950 alfy=-13421
alfy=14669 o/ 2pi=27.93667
R 2p=2.513138 woy2p=R3.279516
muy2pi=8 63359
RE dipole
s_coord=3321 1
betax=110 1
alfx=127
betay=11.0
wat point alfy=108
x_cootd=0 o A4S
betaz=2_3825in oy 238
alfr=-0.2787
betay=2.5243
alfy=0.1627 -
maalipi=00 BROOKHEWVEN
oy R2p=0.0

NATIONAL LABORATORY
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« RHIC AC dipoles

RHIC Spin flipper

|

=131 1otad

ACdipale (V) AC dipole (H)

AC Quadupole

valve

=

i eavity
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10m -4

<= 10m —=
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30m
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* Spin flipper for RHIC
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Magnet parameter:

length: 1.4m

Max field: 300 Gauss

frequency: 37.5kHz
.. tunning: 2.5kHz

-
%
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e Status and Plans

magnet status

— preliminary design completed

~ 2 ceramic beam pipes are purchased and coated

— magnet stands are under machining.

— Designers are working on the detail mechanical drawings

Plans:
— the magnet stands will be installed in the ring along with the beam
tubes in Jan. 2001.
— The parts for the coil is expected to be ready early Feb. 2001
— finish coil winding, assembly and testing in May 2001.
— For the 1st year, our goal is to reach 2100 Gm at 37.5 kHz.

BROOKHEVEN

MATIONAL LABORATORY
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Overview of RHIC spin commissioning and plans

Thomas Roser
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Overview of
RHIC spin commissioning and plans

Summary of RHIC heavy ion commissioning and operution

Summary of RHIC spin commissioning

Plans for RUN200!
= Thomas Roser
WDROOKHEMEN, SC 2000

Ortaber 13- 14, 2000

Parameters and goals for RHIC RUN2000

6O bunches per ring v

5x10* Au/bunch v

Longitudinal emi 0.3 eVsinucleon/bunch v

verse emittance at storuge: 15 T pm (norm, 95%) v

Initial storage energy: y= 70 [66 GeV/nucl.] v (This energy is below

the jowest quench of any DX magnet) .

jection and acceleration: B°= 3m @ 2,4, 8, and 12 o’clock
f'= 8 m @ 6.and 10 o’clock

Lutiice at storage and collision; f'=3m @2,4, 8, and 12 v'clock

p'=2-8 m @ 6 and 10 o’clock

Luminosity: 2x10% e g3 v
Integrated luminosity: a few (ub) ' v/

]
BROOKHAUEN

NATIONAL LAHOHATORY

RF bunch merging in AGS

.

clies mjeeted (rom

AGS circumference

BROOKHAWEN

HATSONAL LABURATOR

v

RHIC beam measurements

o
o e wm we

Susndres

L
BRODKHAUEN

/

L

O

NATRONSL LARORATORY
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Transition energy crossing

RHIC is first superconducting, slow ramping accelerator to eross
transition energy: Slow and fast particles remain in step.

= increased particle interaction (space charge)
@ > short, unstable bunches
oL

2
Cross unstable transition EY
energy with radial energy jump: b
=0
™
m o B
Transilion enargy AE=200MeV § ™ =
w
m e V..
Beam ensrgy ™ e T
w
=
‘s 2] e 0 o s "
Tearnnytt

~
BROOKHEUEN

MATIONAL LABOHATORY

Ramp to first collision

250

Magret Cesrent [A], Total Beam Current [x10° ions]

NRNN:]
10000y voon 0 o020 o eatl oGy ed oud
Time: bonday June 12 2000

BROOKARUEN

HATIONAL LANORATORY

Bringing beams info collision

Beam in blue rving *

Beam in yellow ring

200 ns (60 m)

Beams in collision at the
interaction regions

————————————e e
200 ns (60 m)

BRODKHAUEN

HATIONAL LARORATORY

Collision rate at detectors-

“
T W
=3
L
a2
8 x|
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Ee
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———— WS —e— ST ——— RN —8—— PHELS

BROOKHAUEN

HATIONAL LABORATORY

95



Specific luminosity

1.3 Expected: 1.1 for PHENIX and BRAHMS
1.2 0.4 for STAR and PHOBOS

Coll. rate / Blue Tons / Yellow lons [H2/10'%]

00 2D OB B0 DGO 04D DSI0 ORI 0540 OG0 GRID0 00 070 OM OT0 OB
e of Sy .

e BRARS  —a-— SIR —&— PENIX  —w— PHIIOS

o
BROOKHRUEN

HAVIOMAL LABORATORY

Parameters and goals for RHIC RUN2001

o 60 bunches per ring with §x10 Au/bunch

« Storage energy: y= 107 [100 GeV/nucl.]

AN bipolar power supplies installed:

» Lattice at injection and acceleration: §"= 10 m at all IR's
» Lattice at storage and collision:  f’=2-10 matall IR's
o Luminosity goal: 2 x 102 ¢m2 s/ (design luminosity)

o Availubility: = 75 %

o Machine efficiency: = 50 %

P
BROOKHRUEN

HATIONAL LAHURATORY

RUN2000 integrated Au-Au lnminosity
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Polarized proton collisions in RHIC

RHIC pC Porimesers < .
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First Siberian Snake in RHIC Tunnel

Siberian Snake: 4 superconducting helical dipoles, 4Tesla,
2 m long with full 360° twist

= Acceleration of spin polarized protons beams in RHIC

= Beam studies in September 2000

Funded by RIKEN, Japan
Designed and constructed at BNL

7
BROOKHAUEN

NATIONAL LANORATORY

FY2000 comrmissioning plan

June-July 2000: (independent of RHIC operation)
« New pol. source (OPPIS) commissioned and beam transp. through linuc:
65% polarization measured at 200 MeV polarimeter,
200 pA and 300 ps beam pulse (4x10" polarized protons )
August 2000: (during RHIC Au stores)
« Accelerate single bunch (10" pol. pr. / bunch) in Bouster and AGS (o
Gy=46.5{y=2594)v
Ci

. ission coupled spin ing using horizontal of dipole v
September 2000: (dedicated RHIC operation)

« Inject 6 bunches (+ =+ —+ —) into RHIC blue ring with snake off. v

o C ission pC poluri and vertival polarization v

» Turn on snake and measure radial polarization v
« Accelerate and measure polarization v/

1
BROOKHEUEN

RATIONAL LABGRATORY

s g e

Single Snake in RHIC (E £ 100 GeV)

ALE = 100.53 GeV: Gy= 192 =6 %32 N
P's have saine polarizauon
For snuke axis at -52° — longitus

polatization

For Aplp = 20,00 nax. deviation from - : ’ g

32 xap/p x360°= £12° [0.98] (STAR)
64 xApp x6W'= £24* [0.91] (PHENIX)

b

BROOKHRUEN

NAVIONAL LABORATORY

Proton-Carbon CNI Polarimeter (AGS E950)
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Polarized proton injection into RHIC

Injection at Gy = 46.5 without
snake: vertical polarization!

Sensitive to betatron tune setting

s
BROOKHAUEN

NATIONAL LAHORATORY

Snake operating points

Rotation Angles for a Helical Snake

e SIS TR

X
i

-5

Rz

l‘?—.ﬁ.&m‘w\a\v\

XSSO 4
@ Single snake RUN2000 ‘/ﬂlfnnnnnmnwﬁ\\“\ s
B1=R2 NN/

X 21//] BL Ty
® Two snakes for RUN2001 X 2
e
g i i s waen 0
- o 1 2 3 T4 s
SROKIONE, B2[T]

Spin commissioning with a single Snake

~— Gy=4Bor 603
 Gy=db.Sor 5.7

BROGKHRUEN
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Acceleration with single snake

Gy=465 . Gy=480 .

Q
1
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e
w
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HpH-

BROOKHRUEN
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Measured RHIC asymmetries

RHIC i lized 10 AGS ( Preliminary)
4 T T T T L
816y,
m ® etcon
5 .
2 2 O sutcor |
£ 3 I
; f
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1 1 1 1 1
400 58 50 550 3 650 00
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Spin resonances in RHIC (w/o Snakes)

Fet200a datice v, = 2823 v, = 2922l €,
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Polarized proton status and plans (1)

FY2000 run:
o8
« New polarized proton source: ~ 1077 pol. protons/pulse

e Siberi ke and pCC polarimeter instudled in blue rng

« Goal: Accelerate polarized beam in blue ring

FY2001 run:
o All four Stiukes and pC pokuimeters installed in bluz and yellow ring
o Goul: 100 GeVx100 GeV callision with I

ab interaction regions

pol

ke per ring for longitudinal polarization
Polurization: 2 50
10" protons per bun
Integrated luminosity per week @ 1.5 (pby ! (50%
Accelerate polarized beum 1o 250 GeV

60 bunches; B* =2 m; L=5x 10" cnr? !
ilubility)

BROOKHAVEN

NATIONAL LABORATORY

Polarized proton status and plans (2)

FY2002 run:

o Alleight spin sotators instalied

+ Goal: 250 GeVx250 GeV collisiun with long. pol. at STAR and PHENIX
FY2003 run:

« Polarized hydiogen jet target for absolute polarimetry instalied

BROOKHEUEN

KATIONAL LABORATORY
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Polarized Hydrogen Jet Target

pC polarimeter is used as fast relative polarization monitor
and was calibrated in AGS 1 22 GeV to about 15 %,
Polarized hydrogen jet turget allows for absoluie beam
polarization measurement:

Fyrrr =V ¥ prry Ny
Notrt~Nuirs =Noary +Wpirt

Foew = m.,.._._ﬁ
Jet target thickness of 3x10M cm? achievable
(HERMES, PINTEX, NIKHEF)
Jet polarization measurable to better than 3% using Stern-
Gerluch method |

Colluboration started with Wisconsin, IUCF, and
Amsierdam

oy

BROOMHAUEN Pol. H jet target at Bates from NIKHEF

NATIONAL LABGKATORY

Summary

» Very successful first RHIC spin commissioning run:
» RHIC Polarimeter commissioned
= Single Siberian snake works

» With 1wo snukes per ring and improved tune and orbil contsol during
acceleration expect 1o preserve full beam polurization to 100 GeV

« Collisions of polarized protons are planned for FY 2001

BROOKHRUEN

NATIOHAL

ORATORY
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Polarized Parton Distribution Functions with Estimate of Uncertainties

Y. Gotot, N. Hayashi?, M. Hirai3, H. Kobayashi?, S. Kumano$, M. Miyama¢, T. Moriis, N. Saitol2,
T.-A. Shibatas, and T. Yamanishi? (Asymmetry Analysis Collaboration)
IRTKEN BNL Research Center, Upton, NY 11973, U.S.A.
2Radiation Laboratory, RIKEN, Saitama 351-0198, Japan
3Department of Physics, Saga University, Saga 840-8502, Japan
4Department of Physics, Tokyo Metropolitan University, Tokyo 192-0397, Japan
sFaculty of Human Development, Kobe University, Kobe 657-8501, Japan
sDepartment of Physics, Tokyo Institute of Technology, Tokyo 152-8551, Japan
7Department of Management Science, Fukui University of Technology, Fukui 910-0028, Japan

Abstract

Experimental data on the structure function g, (x,QZ) have been accumulated with the proton,
deuteron and 3He targets. We study parameterization of the polarized parton distributions (pol-PDFs)
[1] in the Jeading order (LO) of «, and in the next-to-leading oxder (NLO) with estimate of
uncertainties.

The polarized distributions are provided with a number of parameters at *=1 GeV2 (=(}).
Considering the positivity condition and the helicity retention property following functional form is
proposed for the pol-PDFs:

A (5,00) = Ax" (L+y,x") £/,(x, 05 W
where Af (%, 0 03) ,is an unpolarized parton distribution (GRV9S). The subscript i denotes the type of
the parton distribution f, e (u,.d,,q.g). The parameters 4,, ¢, and A, are determined by fitting
available experimental data on the inclusive spin asymmetry 4i from experiments: EMC, SMC, SLAC
(130, E142, £143, B154, E155) and HERMES, where 4iis expressed with the structure function g
and other known functions and gils expressed as linear combination of pol-PDFs Af;. The first
moments of Aurand Adv and are fixed by the semi-leptonic decay data by assuming the SU®)
symmetry, so that the number of free parameters is reduced from 16 to 14.

The %* minimization is performed by using the CERN library subroutine MINUIT with the
following definition,

2= Y (AR = AV (O )’ o

comparing theoretical asymmetries with the experimental data weighted by square inverse of the
error in each points. As a result. we obtain the minimumy’:%*/d.0.£=322.6/359 for the LO and
¥*/d.0.£2300.4/359 for the NLO.

The uncertainties of pol-PDFs can be estimated from the errors of the parameters. However.
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previous attempts to quantify the uncertainties on the pol-PDFs have been rather unsatisfactory. This
is due to that extracting the uncertainties of pol'PDFs is not easy because there are strong
correlations between pol-PDFs of different flavors and from different values of xand Q?. We present
preliminary results from an effort to quantify the uncertainties in polarized parton distribution
functions.

{11 Y. Goto, N. Hayashi, M. Hirai, H. Horikawa, S. Kumano, M. Miyama, T. Morii, N. Saito,T-A.
Shibata, E. Taniguchi, and T. Yamanishi, hep-ph/0001046, Phys. Rev. D 62 34017 (2000).
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A talk about spin asymmetry data analysis

e Polarized Deep Inelastic Scattering
e What is the AAC Parameterization?
e 02 Evolution |
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e Estimate of Uncertainties

e Summary
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rolarized Deep Inelastic Scattering

noitudinally Polarized Beam and Taroat
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° Qm =1GeV?2.
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Constraints & Conditions

|Afi(x, 08)| < filx, OF).

e SU(3) flavor symmetric sea at 03 = 1 GeV?2.
Attgen (x) = Ail(x) = Adgeq(x) = Ad(x) = As(x)

o First moments of Au, and Ad,, constrained by axial
charges for octet baryon.
Nu, |3a.< =F +Uu Nu, +j&< =3F-D

¢ Positivity condition

= A§(x)
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Qm Evolution

Performance of the Q% Evolution Program
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Fit Results : g;

g1(x,0%) at 0% = 1,5,20 GeV?
LO NLO
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375 points, 14 free parameters

Fit Results: Polarized PDF

0.3+ .- kba%‘&

Polarized PDF, 0% = | GeV?2

0.4
—_ .«D:&b N
03] - xAd (x) LO
xAGx)x 6 7

0.2 xAg(x)

—_ k>=<oa

xAq(x) x 6
- xAg(x)

0.2 T T

0.001 0.01 0.1
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Spin Content AX

Excluasive Variation of Errors

AY=0.201 Ag=0.831 inthe LO
AY =0.051 Ag=0.532 inthe NLO

Original Less Correlated

2 RN
NLO analysis with fixed o; at 0> = 1 GeV? Fy Edy
: : 0.4
Distribution 0.=0.5 0,=1.0 0=16 02
AG 0077  -0057 -0.051 .
Ag 0.550 0.533 0.294 WM.G.
Mv.ca

AT 0.123 0241  0.276 gl Y T S B i

AS (i) = \ ' AS()dx |

Xmin

Bg(x)g(x)
Ag(x)/g(x)

&

AAC (og:free)

0.05

0 T T T -
0.000001  0.00001 0.0001 0.001 0.1 0.1 1

X .
min
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Practical Parameter Set

Originarl Parameter Set

B (x) = Ax® (1 +yx)

Aj, 04, Vi, A; ¢ variable

Valence Quark : u,, d,

\:.Akv = @.RS. — HN.ANS. I\«,Ev

8i, Vi, y; : variable, x; : fixed
K

Ap=0;—Ki, o=V, Y=o
PR

Sea Quark and Gluon : g, g

hi(x) = B — o (x% — x5 )b
8:, 0y, Oy, §; ¢ variable, ) : fixed

5; M

/
A= O, O =My, Yi= mmm

TABLE II. Obtained parameters at 0*=1 GeV? in the leading-order 4 analysis.

Distribution A 3 v B
Au, 0.404 = 0.054 0.00£0.01 1.4720.20 141 %046
Ad, -0.274x0.056 0.00*0.01 2.65=0.54 1.25+0.28
Ag _IO —0.680%0.373 0.59£0.94 —2.47x0.82 4.06% .14
Ag 47.5%4.1 1.44%0.73 ~0.986%0.002 0.06 1.05

TABLE [{l. Obtained parameters al Q%=1 GeV? in the next-to-leading-order x? analysis (set NLO-1),

==V

Distribution A @ ¥ N
du, 0.356:0.047 0.00+0.00 " m.u..#H. 0.20 0.889£0.058
Ad, -0.502%0.031 0.133%0.065 0.992+0.062 "2.48%0.27
27 Z_uo.u_ -0.2690.107 032+022 ~d72E 148 3.20£0.47
Ag 249.2+83 215x0.11 - 1.0040%0.0002 ~0.031%0.152
TABLE'Y. Obtained parameters at %=1 GeV? in the NLO x* analysis with fixed ;. —
Distribution X A « v b
(a5=0.5) 3007
Au, 0.357%0.093 0.000x0.00! 1.35£0.40 0.900%0.335
Ad, ~-0.512x0.098 0.159+0.,227 0.952:+0.181 2.65x0.66
Ag ~9.50+10.07 0.3 (fixed) —0.980+0.060 0.0102:x0.0394
Ag 148.5%7.4 2.11%0.26 —1.0067+0.0005 0.051%0.337
(a;=10) 3058
Au, 0.589+0.055 0.120%0.090 0.632£0.059 1.62£0.27
Ad, -0.279+0.086 0.000%0.001 2.58x0.80 1.32+0.31
Dm ZN«O ..N ~-47.7x£9.7 1.0 (fixed) -~ 1.0065x0.0056 0.0204 £ 0.070
Ag 173.8+173 2.14%0.19 —1.0058=0.0007 0.045x0.253
(c7=16) 3235
Au, 1.356+0.132 0.335%0.120 ~0.477+£0.046 0.313£0209
Ad, -0.321£0.097 0.000+0.000 2.12+0.64 221007
Dm ~119.6£ 118 1.6 (fixed) -0.9976+0.007( 0.033£1.304
Ag 176.6+:9.3 2.77x£0.38 - 1.0057 £ 0.0004 0.057x0.547

-1 =g (=)




Error Estimate using Error Matrix

x* definition

A= (A1) B (A~ f(a)) = S(a)

%2 minimum
Xw:.: = %Axmwv

Expansion around %2 minimum

S(a) = S@) + (a—38)" £ (a—3)

Definition of 1-¢ Error

S(a) < S@)+1

(a-a)TE ' (a—2) <1

F; is given by MINUIT

Error Propagation to Function F(a)

(8F)* = M\M\wS cwa\

V;j: Covariance Matrix

Summary

Features of the AAC parameterization

What was found?

Pol-DIS experiment A, 375 data points.
DGLAP 0? evolution.

Functional form :

Afi(x05)

Tongy) = A (L),

Positivity condition |Afi(x)] < fi(x).

SU(3) symmetric sea, 1st moments Au,, Ad, fixed.

One LO and two NLO parameter sets.

0? dependence of A at Q° < 2.

%2 in NLO is smaller than that in LO.

Small x behavior of the sea-quark distributions can not

be uniquely determined.

Spin contents, A, and Ag, are very sensitive to the

variation of sea quark distribution.

Spin contents :

AY =0.201
AX =0.051
AY =0.241

Ag=0.831 1O
Ag=0.532 NLO-1
Ag=0.533 NLO-2 (07 = 1.0)

Detailed uncertainty analysis is on going.
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Error Estimate using Error Matrix

x” definition
2= (A1) B (A £(2)) = S(a)
v minimum
_Xim:?SGD

Expansion around %> minimum

S(a) = S@) + (a—2a)  E (a—3)
Definition of 1-c Error
| S(a) < S@)+1
(a—a) £ (a—a) <1
f.;; is given by MINUIT |
| Vz] = (559} :
Error Propagation to Function F(a)

oF  OdF
(8F)* =YY —V;j=—, Vi;: Covariance Matrix
i aai aaj
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\ | Summary '

Features of the AAC parameterization

e Pol-DIS experiment A1, 375 data points.

e DGLAP (Q? evolution.

Afi(x,03)
ﬁ@%)‘A

Positivity condition |Afi(x)| < fi(x).

Functional form :

x % (1 -+ 'yixki ) .

e SU(3) symmetric sea, 1st moments Au,, Ad, fixed.
e One LO and two NLO parameter sets.
What was found?
e (O? dependence of A at 0% < 2.
e %2 in NLO is smaller than that in LO.

e Small x behavior of the sea-quark distributions can not
be uniquely determined.

e Spin contents, AX and Ag, are very sensitive to the
variation of sea quark distribution.

e Spin contents :
AX=0.201 Ag=0.831 LO

AX=0.051 Ag=0.532 NLO-1
AX=0.241 Ag=0.533 NLO-2(0g=1.0)

e Detailed uncertainty analysis is on going.
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How well do we know the polarized parton densities
in the nucleon at present ?

Elliot Leaders, Aleksander V. Sidorov?® and Dimiter B. Stamenove
a)Birkbeck College, University of London, England
b)Bogoliubov Theoretical Laboratory, JINR, Dubna, Russia
-Olnstitute for Nuclear Research and Nuclear Energy, Sofia, Bulgaria

Abstract

We present a critical assessment of what can be learned about the polarized parton densities from
the present data on inclusive and semi = inclissive polarized DIS. Although the quality of the data has
significantly improved in the past few years, the uncertainty in determining the polarized strange sea
quark and gluon densities is still very large. Bearing in mind the limited range in x and Q2 and the
accuracy of the present data, almost all QCD analyses supplement the DIS data with information
stemming from low-Q2 weak interaction reactions. We draw attention to some problems in the
combined use of high-Q?2 deep inelastic scattering (DIS) data and low-Q2hyperon P decay data in the
determination of the polarized parton densities. We explain why factorization schemes like the JET or
AB schemes are the simplest in which to study the implications of the DIS parton densities for the
physics of the low-Q2 region. A new study of the sensitivity of the polarized parton densities to a
breakdown of the SU(3) flavour symmetry treatment of the hyperon B decays is presented. It is
demonstrated that except for the strange sea quarks and the gluons the other densities are essentially
those determined by the SU(3) analysis of the data. It is important to stress that the singlet quark
density, as well as its first moment, AT (the spin of the nucleon carried by the quarks), are virtually
unchanged by the SU(3) breaking. The mean value of AX in the JET scheme ranges from 0.34 to 0.40
and within the errors is not far from the value 0.60 expected in low-Q2 quark models.

Despite the great progress of the past few years, the two challenging questions concerning the
parton spin structure of the nucleon are still the gluon polarization Ag and the flavour decomposition
of the sea quarks. It is expected that the Spin Physics Program at RFIC, as well as the future DIS
experiments (COMPASS at CERN, HERMES at DESY and the Jefferson Lab. Spin program) will
answer these questions very soon.

113



e I think it is a good time (before the start
of the new generation of the experiments
with polarized particles: RHIC, COMPASS,
HERMES, pHERA) to present a critical as-
sessment of what can be learned about the
polarized parton densities ﬁudv from the
present data on polarized DIS.

o In this talk I will present a summary of our
results of the QCD analysis of the world data

on inclusive polarized DIS.

Phys. Rev. D58 (1998) 114028;

Phys. Lett. B445 (1998) 252;

B462 (1999) 189; B48S (2000) 283;

J. High Energy Physics 07 (2000) 029.

OUTLINE

o Difficulties, specific for the polarized case

There are NO charged current (neutrino) DIS data

e What can deduce from the present inclusive and

semi-inclusive DIS data, in principle and in fact 7

e Information from the low-Q? region -

hyperon semi-leptonic S-decays.

e Method of analysis
- Ay rather than g; data
- JET factorization scheme - why ?

- Sensitivity of the polarized PD to the SU(3) sym-

metry breaking

o Results

¢ Conclusions
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¢ As in the unpolarized case the main goal is:

- to test QCD
- to extract from the DIS data the polarized PD

Aq(x, Q% = q4(x,Q% — a-(x,Q%,
AQ(x,Q% = g+(x,Q% - g-(x,Q% ,
AG(x,Q% = G4(x,Q%) — G-(x,Q?)

where "+” and ”-" denote the helicity of the parton,
along or opposite to the helicity of the parent nucleon,

respectively.

o The knowledge of the polarized PD will help us:
- to make predictions for other processes like polarized
hadron-hadron reactions, etc.
- more generally, to answer the question how the spin

of the nucleon is divided up among its constituents:

|

1
umA>z+Da+Dmv+D®+F

b

In the NLO QCD approximation the quark-parton
decomposition of the spin-structure function g;(z, Q%)

has the following form:

HZ s 2
g1(x, QY = 5 %m (Aq+AQ) ®(1+ %u@b

2
L@ g ® 6C4),
2

where

Aq(x, Q?), Ag(x, Q?) and AG(x, Q?) are quark,
anti-quark and gluon polarized densities which evolve
in Q2 according to the spin-dependent NLO DGLAP

equations.

6Cyq, g are the NLO terms in the spin-dependent Wil-
son coefficient functions and the symbol ® denotes

the usual convolution in Bjorken z space.

Ny is the number of flavours.

4
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e DIFFICULTIES, specific for the polarized case:

i) There are NOT and will NOT be charged cur-
rent DIS neutrino data in a near future. Note that
in the unpolarized case due to the neutrino data a
good separation of the quark densities with different
flavours, and especially, a decomposition into valence

and sea parts, has been achieved.

In the polarized case = (Aq + AQ@) and AG.

ii) Semi-inclusive measurements in DIS, in principle,
could help out of this situation. In LO QCD:

Sogeq Adi(x, Q%) D}(z, Q%
Lo 6:(x, Q%) D}z, Q%)

- an extra uncertainty is presented in these processes:

\P%A&VN“@& =

the quark-hadron fragmentation functions UMANV Q3?).
Unfortunately, these quantities are not well known at
present and UMAN. Q?) given in different papers differ
significantly (in some cases more than 100%).

- due to the quality of these data at present, many
additional assumptions had to be made in order to
extract the polarized PD (SMC, HERMES).

iii) A good strategy would be to try to perform a
more sophisticated combined analysis of the polarized

inclusive and semi-inclusive DIS data.

D. de Florian, R. Sassot, hep-ph/0007068 -
a conventional combined analysis has been performed.

However, NO errors are given !

E. Christova, E. Leader, hep-ph/0007303 -
a new strategy for the analysis of SIDIS is presented.
In order to test it new and more accurate SIDIS data

are needed.

iv) A lot of the present data are at low
Q*~1—5GeV2
The value of a,(Q?) in this region is big and the the-

oretical uncertainties are large !

6
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e What can be deduced in principle and in fact from
the inclusive (neutral current) DIS data ?

- from experiment = data for two independent

structure functions g} and g7 (or g¢)

- from QCD = different Q%evolution for the
individual PD:

(Aq+ AgQ) (q=u,d,s) and AG.

One can prove that perfect data uniquely determine
the sum of the polarized quark and antiquark densi-
ties (Aq + AJ) and the gluon density AG.

‘However, bearing in mind the limited range in x and
@Q? and the precision of the present data, it is imme-
diately clear that the separation of the polarized PD
from each other will not be very clear-cut.

In other words, the unknown free parameters ¢y at-
tached to the input parton densities at Q% = Q% are

correlated and not well determined from the fit to the

inclusive DIS data alone.

7

o That is why our knowledge on the first moments of
the polarized parton densities coming from the hy-
peron semi-leptonic decays is conventionally used

in addition to fix some of the free parameters.

e Information from the low Q? region

ag = (Au+ AG)(Q?) — (Ad + Ad)(Q) = ga
(1)
ag = (Au+ AG)(Q?) + (Ad + Ad)(Q?)
— 2(As+ A8)(QY) =3F-D, (2)

where a3 and ag are the nonsinglet axial charges cor-
responding to the 3' and 8t components of the axial
vector Cabibbo current. In (2) F and D are the SU(3)

parameters.

The Bjorken sum rule (1) reflects the isospin SU(2)
symmetry, whereas the relation (2) is a consequence of
the SU(3) flavour symmetry treatment of the hyperon

(-decays.
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e Note that the nonsinglet axial charges as and ag are METHOD OF ANALYSIS
Q? independent and this is the fact which helps

e . : 5 2
H%M HME/ the information from both Fm.r and low-Q) ;PHHA (x,Q%) = (1+ Q\MVWWMMHMMW
e In the SU(3) limit
ag=3F~D=0579 + 0.025. (3) = %%W:MMIW 2¢[1 + R(z, Q%))
While isospin symmetry is well established, there is where
indication for a breakdown of the SU(3) symmetry V= m%%%%

and consequently of Eq. (3).
It should be noted that in the SLAC and HERMES

o So, we have performed 2 NLO QCD fit to the world kinematic region =y cannot be neglected.

‘data on the nucleon spin asymmetries AN(x, Q?) us-

ing for the first moments of the quark densities the e Why A, rather than g; ?

relations (1) and (2). - in order to minimize the higher twist contributions
which are expected to partly cancel in the ratio g1/ F}

e The sensitivity of the polarized PD to the deviation
allowing use of the data at low Q? ~ 1 — 5 GeV™

of ag from its SU(3) symmetric value (0.58) has
been also studied. The SU(3) symmetry breaking - g1 has been extracted from the A; data by the differ-
effects have been taken into account in a model- , ent experimental groups using a various pararmetriza-

independent way. tions of the experimental data for F; and R.

10
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e Input parton densities Why JET scheme ?

Afi(x, Q3) = A; x% szmeANu Q3) It is useful to recall the transformation rules relat-
ing the first moments of the singlet quark density,
AZ(Q?), and the strange sea, (As + A5)(Q?), in the

Ay, o - free parameters (6 parameters in our fit).
JET and MS schemes:

For the unpolarized parton densities f;(x, Q3) the Martin-

Roberts-Stirling-Torn parametrization, which account 0s(Q?)
for the world unpolarized data, has been used. ASjpr = ASys(Q%) + Z\IM&MIDQA@NY
. . - . _ 9 QMAQMV 2 a
o We have performed the fits to the data in different (As + AZ)jer = (As + Ad)ys(Q?) + letDQAQ ). =
o2

factorization schemes: MS, AB and JET and the con-
sistency between the results of the analysis in each

scheme has been demonstrated (Phys. Leit. B445 A remarkable property of the JET scheme is that

(1998) 232). | . AT(Q), s well as (As + A5)(QY), are Q? inde-
The results are presented in the JET scheme (all pendent quantities. Then, in the JET scheme it is
hard effects are absorbed in the Wilson coefficient meaningful to directly interpret AY as the contribu-
functions). tion of the quark spins to the nucleon spin and to
Carlitz, Collins, Mueller (1988); compare its value obtained from DIS region with
Efremov, Teryaev (1989); Miller, Teryaev (. 1997);  the predictions of the different (constituent, chiral,

Anselmino, Efremov, Leader (1995). etc.) quark models at low Q2.

11 12




It is important to mention that the difference between
the values of (As+AS3), obtained in the MS and JET
schemes could be large due to the axial anomaly. To
illustrate how large it can be, we present the values of
(As+ A3) at Q* = 1 GeV? obtained in our recent
analysis of the world DIS data in the MS and JET
schemes (AG = 0.57):

—-0.10£0.01
—-0.06 = 0.01.

ADm -+ D'm.vﬂw =
ADm -+ Dwv,:wﬂ =

Note that if AG is larger, then (As + AS);gr could
be even zero in agreement with what is intuitively

expected at low-GQ? region (Q? ~ 0).

13

RESULTS OF ANALYSIS

o The results on the PD are given at Q% = 1 GeV™.

The total (statistical and systematic) errors have been

taken into account in quadrature.

e Quality of the NLO QCD fits
- A very good description of the world data on Ay

and g’ is achieved.
- x* coincide almost exactly in the JET, AB and MS

schemes.

e A good agreement between the values of the axial

charge ap(Q?) at @* =

2

1 GeV? determined in the

different schemes. Note that ao(Q?) is scheme in-

dependent quantity.

Scheme JET AB M5
XN\UO%._ 0.828 0.828 0.835
(As+ A3 |-006 £ 001 |-006 £ 0.01 [-0.10 % 0.01

AY 040 £ 0.04 | 041 £ 0.04 028 &+ 0.04
ap 026 £ 0.05| 0.27 4 0.05 028 &= 0.04

14

120



Sensitivity to SU(3) symmetry breaking e The strange sea polarization (As + AS) changes
significantly when SU(3) symmetry is broken - from
-0.02 to -0.15.

If ag = 0.40 (a strong breakdown of the SU(3) symme-

try), (As+ ASJ) is consistent with zero, in agreement

Let me discuss now how the deviation of the nonsin-
glet axial charge ag from its SU(3) symmetric value

3F-D=0.58 influences the results on the polarized PD.

with the usual assumption in low-Q? quark models.

ag | X*/DOF | Au+An | Ad+Ad | As+As AR AG

040 | 0.82 [0.81£0.02|-0.45::0.02 | -0.0240.01 | 0.34£0.05 | 0.13+0.14

3P-D| 0.83 |0.8640.02 |-0.40:£0.02 | -0.0620.01 | 0.40£0.04 | 0.5740.14 e For the gluon polarization AG we have found that
0.86 | 0.82 |0.90+0.02|-0.3540.02 |-0.15£0.02 | 0.404:0.06 | 0.84::0.30

- AG is positive

- the possible values of AG lie in the wide range

e The values of x? are practically insensitive to the " . . :
(0, 1.5) if one takes into account the correlations and

change of ag, which means that any of the solutions the sensitivity to the SU(3) symmetry breaking,

resented here cannot be excluded by the present data.
P yHep - Our result on AG is in agreement with those ob-

e AY is essentially independent of SU(3) breaking tained in other analyses.
and within the errors is not far from the value 0.60 SU(3) symmetry case A@w _1 Qm/\.wv

i -Q? dels.
expected in low-Q* quark models _ LSS: AG = 0.574+0.31 (sta 4 sys in quadrature)

e The non-strange quarks (Au + A%) and (Ad + Ad) |
change slowly. SMC: AG = 0.99 +33 +343 +143
e The strange quark and gluon polarizations are strongly
dependent on the SU(3) symmetry assumption. AAC: AG =053 GRSV: AG =050

15 16
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Comments on the AAC result on AY CONCLUSIONS

Amdav symmetry case, @?=1GeV?)
e Given the limited range and precision of present

A3 (MS scheme):
( ) g1(z, Q?) measurements, one would like

GRSV: 0.20 - F¥P & FR%Pand RACP .
a direct measurement of AG

'LSS: 0.28 & 0.06 (sta + sys in quadrature) - F2°P (RHIC, COMPASS)

SMC: 0.19 = 0.05(sta) = 0.04(sys)

[Ruoso(x > 0.1), Ramc(x < 0.1)] e Inclusive DIS measurements are sensitive only

: to (Ag+ Ag) thus a new probe is needed to
DeFS: 0.20 (Fy as in AAC anal.) - Ryggo(x > 0.002)
separate quark and anti-quark

AAC: 0.05 (NLO-1 fit) - Ryggo(x > 0.1) =x < 0.1 .
polarized PD

I think that the rather small value of AY obtained by A HERMES, RHIC, COMPASS)
AAC is mainly an R-effect. Rjgoo used in the AAC
analysis is NOT a good approximation at small z (z < o A mgmﬂ x-physics with polarize d protons

0.1) region, especially for @? in the SMC region - the

R data are lower than R;ggo parametrization. at HERA would be very important for our

So, for small 7 : Russo > Rasss understanding of the spin properties of the

_ nucleon.
A FS AT AT
= gf< g = Acc < DeFS

17 18
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Pigure Captions

Fig. 1a. (1b.) Comparison of our NLO results in the JET scheme
for AY(z, Q%) with the experimental data at the measured z and Q?

. values. Errors bars represent the total error.

Fig. 1. Next-to-leading order polarized parton density z(Au+AT)

at Q*=1GeV? (JET scheme). The solid, short-dashed and long-

dashed curves correspond to the values 0.58 (SU(3) limit), 0.86 and
0.40 for the axial charge ag, respectively. The error band accounts

for the statistical and systematic uncertainties.

Fig. 2. Next-to-leading order polarized parton density z(Ad+ Ad)
at @? =1 GeV? (JET scheme). See caption to Fig. 1.

Fig. 3. Next-to-leading order polarized strange sea quark density
‘z(As+A3) at Q%=1 GeV? (JET scheme). See caption to Fig. 1.

Fig. 4. Next-to-leading order polarized singlet quark density 2AL
at Q%=1 GeV? (JET scheme). See caption to Fig. 1.

Fig. 5. Next-to-leading order polarized gluon density 2AG at
@® =1 GeV? (JET scheme). See caption to Fig. 1.
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Soft-gluon Effects in Polarized Prompt Photon Production

Werner Vogelsang (RIKEN-BNL Research Center)

Abstract

We parent a study of spin asymmetries for prompt photon production in collisions of Longitudinally
polarized protons at BNL-RHIC. This reaction will be a key tool for Determining the gluon spin
density in a polarized proton. We focus in particular on the role higher-order QCD corrections are
expected to play in This context. Here, we address next-to-leading order corrections as well as
all-order Soft —gluon resummations. We study theoretical uncertainties, such as the Dependence of

the predictions on the factorization and renormalazation scales. We also _address the issue of
isolation cuts on the photon.
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Soft-gluon Effects in

- Prompt-Photon Production -

Werner VVogelsang

RIKEN BNL Research Center

RHIC Spin Meeting,
Kyoto, October 13, 2000

WORK WITH -
. FRIXIONE | S.CATANM U M.REY GARD, F.NACON
C. OLEARY y E.LAEMEN G STERMAN
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How to Emmmcﬁm Ag ?

s ‘Scaling violations in DIS,

d [ Aax as [ APy APy AX

Tn02\ Ag ) T on\ ARy APy )€\ ag

e to be viable, need large lever arm in Q2
and/or high precision
unpol. case: H1, ZEUS, NMC, ...
pol. case: more difficult
(so far, only fixed-target; pol. HERA?)

e more promising: study reactions which have
gluon participation already at lowest order

Polarized gluon densities :
(Gliick,Reya,Stratmann, WV, Gehrmann,Stirling)

0.7 T T T

06 L xAg(x.Q%=10 GeV?)

-
-
E.

il NS FRUWE N SRR FERR NN SRS SE S

—_
f=
bt
(=3
o
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“What's so special about photons?

Prompt photons :
-— electromagnetic probe of hard scattering !

Lowest order (O(aas)) :

" Compton” " Annihilation”
e "Direct” contributions +— 'clean’ signal

e can be done at lower pp and cms energies
than jets

e gg process gives dominant contribution, in
particular for pp or pN scattering

Spin asymmetry
A= &q++ — qu+| _dAco
C dog4 + doy_~ do

Perturbative QCD / factorization theorem :

inglir = T \ dzadTyA folza, MB) A fy(zy, MB)
. a,b

® AAG gh—sryr (P, T, Ty, M B, 1)

Mp, up = fact. / renorm. scales

DG yp_ye = Subprocess cross sections ;

DBgpng = DD osndD 4

ab—yx ab—vyz

. mmww\é : Aurenche et al;
Baer et al.;
Gordon, WV
. Dmﬁv : Contogouris et al.;
ab—yz ° -

Gordon, WYV, Frixione, WV
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4 At RHIC, measure Ag through spin asymmetry
However, not really so clean
A = doyy —doy . _dOo

e Backgrounds from 70 — 2+,

e "direct part” not the full story : ‘

. (Frixione, WV)
"fragmentation” (" bremsstrahiung") —_ ——

0.3 T T T R T T

left: Fey=200 GeV Ry=0.4, |n,|<0.35

right: Egy=5800 GeV .
solid: GRSV STD

, o dashed: GRSV MAXg
02 ‘4. dotted: GS—C i

— .UN.Q -
("fragm. fcts.")

Ao/o

— required by final-state collinear singular-
ities at higher orders

Ay,

— "photon +— vector meson”

— should rise « log of hard scale; OAmomp - 10 20 30 40 50 20 m% 40 50
driven by g — v splitting P, (GeV) P, (GeV)

— potentially important at low zp = 2pp//5, for all details, see :
and in particular in pp or pN scattering! G. Bunce, N. Saito, J. Soffer, WV,

Prospects for Spin Physics at RHIC (2000)
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._.:m trouble with USEUﬁ Ujoﬁo:m

,C:Uo_m:Nma case
comparison data +— NLO theory :oﬂ satisfactory

e severe problems in fixed-target regime
(E706, UAB)

o collider data : some difference (CDF, D0)
e not curable by changes of g(z, @2)

What to make of it ?

Theory :

e look for additional corrections beyond the
NLO framework

e in particular, soft-gluon resummations

~ (Laénen,Sterman,Oderda; .
Catani,Mangano,Nason,Oleari, WV:
Kidonakis,Owens; Li
Laenen,Sterman,WV)

e if this cures problems, need to apply in
polarized case, too !

— how- are spin asymmetries affected ?
— do effects cancel in asymmetry ?

E 704

e 10 *g— T T T T T T T T T T T
o, E . 3
3 3 . ]

L 090 p Be at 530 GeV/c ]
m 075 %, 075

10 Nm>>> i < FU\AOoS& per nucleon]
A Fv\aoz\\@ per nucleon] ]
10 £ stat and sys uncertainties combined 3
- TC ]
.t 1
10 ¥ 3
E E 0
10 B 3 J\ = -
af NLO Theory :
0 FQ=p,/2
af - -GRV94 ]
10 £ MRS (G) E
_ 5f. - CTEQ4M
10 F . E
3 . 1.2 GeV/e 3@ N
o _oamo_m,z c_m,v ﬁ 3 GeVe (% Y
10 3 4 5 6 7 m m Ao 11 12

pr (GeVie)



()

DE, RUN 4B

-
(4.3

l

1.25 NLO QCD (Vogelsang et al), CTEQ4M, u=P;

NLO QCD (Vogelsang et al), CTEQ4AS, u=P,

NLO QCD (Vogelsong et of), MRST (upper gluon), u=P;

— NLO QCD (Vogelsang et al), MRST (lower giuon), u=P;
A CDF Data 1B Preliminary (stot. uncertainty only)

Data Normalization Uncertainty 147

l

0.75
0.5

0.25

(o]
O‘l_llIllllllllldlllll]ﬁlll|lllll‘l"lllllllll‘tllllllll

i
::: by }
-0.5
0,75 -
L.q._..._______t_.___.__#
20 40 60 80 100 120

Photon P, (GeV/c)

. . . 7 DY Higga
.ﬂsﬁmm:o_gﬁmm:ﬁjﬂ:wﬁo:m

Consider photon of given pJ, 77 :

XP‘WP m&l ’ “ < Bv ’
g
‘N < ¢
RECOIL \WE
Sag=s8+t+u { -

xrmr

s4 — 0 : partonic threshold

136

Partonic cross section for channel ab — vz at
Born level:

d?Gqp
&%W&dq
at higher orders : radiation inhibited for s4 — O

cancellation of IR singularities leaves
(large) logarithmic remainders

< Qemas 6(s4)

&t order in PT:

~(k N
&MQM@V . oo 2k H\w?&v Qbﬁ_DSAmb\mv_
dpldn? em s mK O[]
Ppan =0 S84

(defined under [dsg4 in a distributional sense)



s dsg A fsz (p})3d5

o(N,n7 M\|
g(N,n7) P

6 s S

‘Effects of such terms become numerically

H n 1 v . .
important at "large .ﬁﬂ\z\w  Here, logarithms occur as
(because of steeply falling pdfs) - _ )
B 2k—1 .
m?vﬁzusd X Qemls M Am(n) Qw_3§+pm.2«v
e Threshold resummation: Th tiate - m=0
these logs to all orders! €y exponentiate -
'(exponentiate in Mellin-moment space) " FES(N, 7Y o« 5O (n7) exp FAZ“%L
'NLL': Catani,Mangano,Nason;, . . - -
_ Laenen,Oderda,Sterman . EWN, ) =In(V) 3 am (asn(N)™+ D" bn (s IN(N))" ..
m=l, =~ m=1 . i
ExPangon PARA METER |
e leads to moderate improvement in ; am terms : "leading logs” (LL) B
unpolarized case (fixed target regime) by terms : " next-to-leading logs” (NLL)

(Catani,Mangano,Nason,Oleari, WV;

— control over ok [In(N)]12%:26=1:25=2} terms
Sterman,WV; Kidonakis,Owens) _

_.. Q.mchmU_V\ not so relevant at colliders

e nevertheless, ‘toy’' calculation :
effects on spin asymmetry for ‘fixed-target’
kinematics,
Epeam = 530 GeV, 3 < pp <11 GeV




(Catani,Mangano,Nason,Oleari, WV)

E do/d% (pb/GeV?)

104
102

109

4= CTEQ4M

Epeara =530 GeV
= Proton—Nucleon
_%na_ <0.75

[ +: E706 data
| Dashes: NLO
Solid: NLO+NNL resummed
- Upper: u=E./2
.. Central: u=E;

. ‘Lower: u=RE;

E, d°c/dp®, (pb/GeV?)

I e e LAY S amam e
[ Qnmu\Q.zH.o
RS - -
t PN, Epoy=530 GeV, —0.75<7,<0.75 .
| GRv-98 /
/
[ HR=Up=P1y / 1
20 i
1.5 -~
1.0
P B e e ]
2 4 [ 8 10
ﬁe.\ AOm<v
w08 ¢ T T i T
10-3
1074
10-5

12

(<TERMAY
wv)

138



mUS asymmetry and ﬁ:ﬁm.m.:o_a resummation :
- (Sterman,WV) .
'k / recoil effects’

080 AL A _ Old idea: steeply falling cross section
_E [ PNi Epean=530 GeV ] — hard scattering can produce photon
RN y more easily if initial partons have kp
. kp " kick", "smearing", ' broadening”
0.20 . .H“ﬂvq‘ nﬂﬂﬂ%
0.16 |- . 4 < b \V\VN/I..I%
010 ] Phenomenological impact studied by :
I ] E706; Apanasevich et al.; MRST,; Baer,Reno
0.05 | —
] e Gaussian kp distribution, multiplied to pdfs
0.00 Ll A R B SN and folded into (LO) hard scattering
4 8 8 10 12 .
P, (GeV) e guidance for (k) from measured values of
(pr)pair for diphotons, dimuons, dijets
e nevertheless, what is kp, what is g(z, Q2) ?
e dotted : LO e physical origin thought of as
. initial-state gluon radiation;
e dashed : NLO " effective description” of perturbative &
non-pert. contributions
e solid : threshold-resummed e remarkably successful, also for 0 prod.

(k) = 1.2 GeV (E706) — 3.5 GeV (CDF)
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CAPANASEVICH ET AL
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Q) 2 — L : _ _
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1 | CTEQ4M pf .
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Bottom: The quantity (Data~Theory)/Theory (for theory without kr adjustment), overlaid with

the expected effect from A en
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statistical wnd systematic uncertainties added in quadriinre,



Theory basis 7
experience from Dwm: -Yan :
420,

moden-@_co: 'gp logarithms’

o o In2k— MAQM\@N.V
s ] y Qg . )

aT QH
can be resummed (DDT; Parisi,Petronzio;
Collins,Soper,Sterman; Altarelli et al.; Davies,Stirling, Webber;
« .. Ellis,Ross,Vesli; Balazs,Yuan; Stirling,Kulesza ...)
(in g or b space).” Accounts for observed gp
shape.

Prompt photon do/dprdn :
e NLO terms do not show any g — o sing.
e reason: gp has been integrated over!
"hidden logs of gp" (Sterman)

dz/dprdn dg?. Tﬂ = @Wﬂimi displays logs
PAR-

Qs *.0

gr resummation possible; g corresponds
to overall radiation } kr and produces
_recoil corrections in photon pg spectrum

Laenen,Sterman, WV

e reconsider threshold resummation and re-
distribute it over g of soft-gluon radiation
— recoil correction to photon pp spectrum

e exponentiation in threshold resummation
results from factorization properties of par-
tonic cross section in soft limit. Still works

if transverse momenta of radiation are kept.

e conserve energy and transverse momentum
e usual collinear factorization = usual pdfs !
e "joint threshold and kp resummation”

e related ideas : Li
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Drell-Yan near threshold and at low Q7 :

.¢Bruc Lok,

o5 V.
wwmwm\ lqav Ry/o(za,ka) ® Ryyp(wp k) ® Ugp(ws, ks)
QJ .nr,h.Ju
\\..J)Omaf

with convolutions satisfying

(l—mze) +F (A —zp) Fws = 1-Q%/8
WpuTW@.._lHnm”@ﬂ

AN B T

obtain
ﬁWRQM‘Mm::‘_WA ﬁmm
PI0AB—X N
dpr M..Umﬁmm\mi &.\xmzvtvﬁii )
\ d53 (5 vz | M (32)]? %O.a
0 o V1—82 J (2n)?
_ g \ N+ 5
© (i~ Qr) T SV AZ Qr, zﬁﬁtv
Pr Fp

where|pl = pr — De\m;

NUQ A2~ @uf @. t.v = \&MU ml.p._u.D.\. exp _HNN.E.[.)‘? Azu F Qv \.hv“_ 3

swsen=Y [

I=i,j

with x(N,b) = N +bQ/2e 7 , N = Ne¥, Note,

H Q/N "
.\ dy' = w + \ dy!
Qx(N.b) QxH{(N. S Q/F

N e
pure thrshid. resumm.

dy!
Wy ()20
Ny B Q
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e only initial state gives b dependence (Li,Lai)

e expd. to NLL in In(N+bQ/2e™7E) and in N
e new "minimal” way of doing b integration:

e X - —» v+ PRESCR,

¢ B o
2Jo(z) = H1(z) + Ha(z)




Laenen,Sterman, WV (PRL 84 (2000) 4296)

_____—______.__
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LAY L. | S ol 1 | TR . AN
[ 2 4 8 [} m/ 4 8 107% — ]
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Conclusions

prompt photons could give us desire‘d'
information on g(z,Q%?), in part. at large

however, still better understanding required
much recent theory progress

at RHIC, prompt photons will give first-
hand information on Ag
(need to learn from unpolarized case !)

resummation effects generally small for Ay 7-

final answer not yet in !
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5 A P T e L e T T A R

Future Transversity Measurement with PHENIX

Matthias Grosse Perdekamp, (RIKEN BNL Research Center)

Abstract

Hard lepton-nucleon and hadron-hadron scattering cross sections can be expressed with the help of
three independent helicity amplitudes. Measurements of the nucleon structure functions Fi(x, @2),
helicity average, and gi(x, @2), helicity difference, have explored the helicity conserving part of the
cross section with great experimental accuracy. In contrast, no information is presently available on
the helicity flip amplitude. The absence of experimental measurements is a consequence of the chiral
odd nature of the helicity flip amplitude and the related "transversity quark distributions”®, g(x, @2,
which prevents the appearance of helicity flip contributions at leading twist in inclusive DIS
experiments. '

Transversity distributions were first discussed by Ralston and Soper [i] in doubly transverse
polarized Drell-Yan scattering. In Drell-Yan processes the transverse double spin asymmefry, Arr, is
proportional to 896 with even chirality. Unfortunately, a recent analysis [2] estimates Arr =1 - 2%
with statistical exrors comparable to the asymmetry itself for a projected measurement at RHIC.

Single spin asymmetries A+ (e.g. unpolarized leptons on transversely polarized nucleon targets) in
semi-inclusive DIS and pp scattering may offer an alternative way fo observe helicity flip
contributions at leading twist. This possibility relies on the presence of fragmentation functions, H,
which are sensitive to the quark polarization in the final state and possess the necessary negative
chirality. The asymmetries 4* are proportional to ):,I(?qxﬁa,f x H, where a,f are the transversity
dependent partonic initial-final-state asymmetries o/ of the struck quark which can be caleulated
from pQCD.

For example, Collins suggested that in semi inclusive single pion production the quark spin
direction might be reflected in the azimuthal distribution of the final state pion {31. Collins further
demonstrated that the symmetry properties of the process do not require the proposed fragmentation
function A to be identical to zero.

The current interest in transversity distributions results from a recent Hermes result {4] which may
suggest that Collins's function i in fact is different from 0. Clearly the prospects are exciting to have
a tool at hand which provides access to the complete helicity structure of hard scattering processes. At
DESY a significant fraction (2 years) of the extended Hermes experimental program has been
designated for the measurcment of the transversity disiributions.

Alternatively. Jaffe. Jin and Tang have proposed to utilize two meson interference fragmentation.
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both in polarized pp scattering and DIS, [5] in order to access the transversity distributions. In this
channel, it is essential to experimentally identify oppositely charged meson pairs coming from the
invariant mass region of S/P -wave interference (e.g. the p/oregion). It is shown in the talk that the
invariant mass resolution of the PHENIX detecior is sufficient for this purpose. In addition it is
demonstrated that rates are high and that it will be possible to analyze data in a fine binning of
invariant mass and other kinematic variables. This will provide good control of systematic errors.

References
[1]1 J. Ralston, D.E. Soper, Nucl. Phys. B152, 109(1979).
[2] O. Martin et al., Phys. Rev. D60, 117502(1999).
[3]1 J.C. Collins, Nucl. Phys. B396, 161(1993).
[4]1 A. Airapetian et al., hep-ph/9910062.
[5] B. Jaffe et al, Phys. Rev. D57, 5920(1998), J. Tang, hep-ph/9807560 and J. Tang, Thesis,
MIT(1999).
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| ,Hambm<w_wm_m§"_.z@mmsawﬁwam_.mﬁ RHIC

'@ Introduction

® Nucleon Rmnmﬁmﬂa\ through final state interaction in

pportn+X

® Experimental issues

Invariant Mass Resolution
Rates

Partron Kinematics

Matthias Grosse Perdekamp, RIKEN BNL Research Center.

RHIC Spin Collaboration Meeting, Kyoto
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- Proton Spin Structure at RHIC

Gluon Pq?iarizaﬁ%én : AG Transverse Spin

z° Production A, (eg.g¢—n"+X) | Transversity 4 :
X N #*, 7" Interference Fragmentation
H Flavers A (to.wsof bb = | W-Production
eavy Flavors A, (gg ~reC,bb+X) % - : Af(plp—-)(ﬂ+,n")+X)
T | A@d W =iv).
' o ~ STAR +PHENIX+PHOBOS
- Direct Photon A, (gg — 7+X) + | STAR +PHENIX
- | . Single Pion Asymmetries :
| < |
Jet Photont A, (gg = y+Jet+X
w8 =7 ) = BRAHMS

Jet Jet A, Cgg — Jet+Jer+ X)

% Transversity Measurements at RHIC 1

Helicity Amplitudes

Three independent

Deep Inelastic Scattering helicity amplitudes:

SR SY R
SN R SR

= F,q(x) (helitity average)
g, 0g(x) (helicity difference)

Proton Proton Scattering

1 1 1

2 2 2
= & helicity flip!

o=

The transversity distributions dg(x)
remain the last unmeasured

leading twist distribution functions

H

H = Proton helicity .J1 = quark helicity

“\% Transversity Measurements at RHIC
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The transversity distribution dg(x)

Quark Distribution Funetions: Structure Functions:
: M1 11V (11 11 .
I R Tl ] e e & FRx)=-= 2q. L
g(x) (2 575 2) [2 > 75 2) (%) 2%se.q,(ac) (unpol.)
. 11 11 1 1 1 1 1
A & |[== > === -= - == == ’Aq, long.pol.
g(x) (2 ) 2) (2 573 2] g(®) 2Zf‘ g,(x) (long.pol.)
Transversity Distributions - i
o1 11 1w '
&q(x) & (4——2— 5 - 5 +5) = h‘(X)':Engfi 6g;(x) (trans.pol.)

Helicity flip!
(HH) = (~H'—H) —e R

Probability that quark of flavor i and

morhentumn fraction x contributes to 2y _ 2 T 2
St : =¢g. (X —d;
the spin of a transversely polarized proton Eq' (x’ Q ) 4 ( ? Q ) d; (x’ Q )

% Transversity Measurements at RHIC 4

The transversity distribution og(x)

@ For non-relativistic quarks:  dg(x, oY = Aq(x, o3 AS = 10
non-relativistic
— Differences provides information on rela- AY = 02 i
tivistic nature of quarks inside the proton reloitic

© soffer’s bound:  [20,(x,0")| < q,(x, Q")+ Ag,(x,0%)

) Not smalll Possibly |5qi|=lAqi‘ ]

l

® 5(x,0%) does not mix with gluons under evolution :

@ First lattice QCD result: du +d0d + 85 =0.56+0.09

S. Aoki. M. Doui. T. Hatsuda and Y. Kuramashi Phys.Rev. D56 {1997)433
More recently: S, Capitani et.al. Nucl. Phys. B (Proc. Suppl.) 79 (1999) 548

AYX=Au+Ad +As = 0.2

@% Transversity Measurements at RHIC
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Transversity in DIS

! . q chirality unchanged
by strong interaction

Does not contribute - \“"E‘“"“’: -
in leading twist DIS!

Higher twist contributions ate

suppressed by
4 /)

%- Transversity Measurements at RHIC 6

Transversity Measurements: DIS vs pp

Polarized pp Polarized DIS

RHIC/BNL HERA/DESY. SPS/CERN, e-RHIC, TESLA-N

. {Approved Tranweraty Programsy

Cow v
: & O, ® Collins Effect : N2
o z*,n” Interference Fragmentation :{ 7. : T .
( - X) % A(lp, v er’ +X) g s
A (", n7)+ gy ~
r\Py P - w O
HEN ¢ z*, 7" Interference Fragmentation : Ly
" w Alp, =1+t 2+ X)
03 - ;sm::::- ::_ - 5 .
0] e, 108 ‘_
5_n,x . - 5E E .
I s _{4 wf LT Observables « &g - H
£ e s ey P . :
" aHic (ep) \r w o R (O =< distribution - func. x fragmentation func.)
":: 5" < 200 Gev o

+ 5§ §F 1D 12 4 16 13D 6§ % 1D 1Z 14 16 W
™ [GaV] M [GeV]
(O.Martin, &. Schafer, M. Stratmann and W. Vogelsang) The transversity distribution &g only can
mmm)  be exiracted from a combined analysis of

® Di-Jets: A —> jet- jer) &> &q-
' D Am(pupy > jer-jen = &9-8 different processes and experiments.

{ M. Stratmann and W. Vogelsang)

% Transversity Measurements at RHIC
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Nucleon transversity through final state interaction at RHIC

_«wm./ Interference s Jian Tang , Thesis MIT, June 1999
- Fragmentation . R. Jaffe, X.Jin, J. Tang Phys. Rev. D57 (1999)5920
Jet | X. Ji, Phys. Rev. D49 (1994)114

T J. Collins, 5. Heppetmann, G. Ladlinsky,
Nucl.Phys, B420 (1994)565

Préton

Structure 1 N~ -
\ Experiment: A, = T~N~
Hard Scattering ™~ Jer Fpean N7 +NE
Process -
Currently unknown:
Model Caiculations
LEP Measurement(s)
measured
parton dis. pQCD
\ .
&0, (pp" > n'zx) o @(xl)-:(x Lo 2 a0 am
- dxdx,didzdm*d cosdp | : dadudt  § dzdm’d cos@dg
Mo];el " (RBRC Workshop on Future Transversity:
Calculations Delphi, Jakob et.al., Polyakov, Weiss et.al.

Leader et.al )
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L dim
dzdm*

Interference fragmentatior

N

s-p wave interference fragmentation:

Parton emits p/ o followed by
absorption of o/ p a forming a parton

% Transversity Measurements at RHIC
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Interference Eragrentatic

2

M e sin 6,6 (i3, (2)+ A- 83, (2))sin 6, + ...

dzdm
: : . Where:
. \"‘”"’e : A” x=I®T,, A=0, T +0_8T,

Strong interaction 77,77 phase shifts 4,(2), G, (z) : spin average and dif -

— ference fragmentation functions
=]
06 -
= > Bin +
a -
“é-ﬂA L N ishi « "
B[ on-'vams ing support'
Lozl W only inthe p mass region!
o e Sufficient mass Resolution?
2 - ® Great for systematics!
a4 [ Bin- <—
| S | 13 | B 1 2 )
0.5 a.6 a7 a8 [1X:) 1
m(GeV)

P. Estabrooks and A.D. Martin, Nudl. Phys. B79 (1974)301
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" Transverse Single Spin Asymmetry
: ) (Tang, Thesis, MIT)

Maximum Asymmetry
n=0,m,, =083 GeV,cosg =1
&Iz =44,4,/3, Z'l&ll Sq+4q
0130 T 1 T T 1
]
025 r .
N~ : PionPair Yield 0.20 B
sing, :Two Pion Phase Shifts 200 GeV
q(x) :Transversity quark DFs 0.15 F P - 1
&(z) :Pol. Fragmentation Func, , 4
’
0.10 p 7
: 500 GeV
’
1 N°-N* _ e /
A = 7. W = ——Tlrism 8, sin &, sin(, —4,) ~cos(¢)~] 0.05 7
rasm. / /
-~
N 0.00 L : !
[816)- G- 83, (D057 +... 0 20 40 60 80 100 120
{[G(x,) . G(xz)]ﬁd';’;’ +} Isin? 8,4, (z) +sin’ é‘li]‘x(z)j p{a [GeV]
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STAR
' Momentum Resolution from TPC: 16 MeV
Jet Reconstruction Capability => Carv estimate
Jet Energy and fraction of Jet Energy transferred
ta the pion pairl .

Silicon Yertex
Tradduer

Coily
!
i

Idagnet
s

~E-M :
Calorimeter
Time Projection
’ Chamber
) _nﬁ"éﬁtf

41 s Leunicy

Flatierms

PHENIX-Measurement Trigger: Tag 7"~ in RICH and Jet Mul in EMCal
Reconstruct invariant mass of pion pairs
. 1 1
Form single spin asymmetry 4 N oN
N LN
Central Arms:
7 <035, 33.75<¢<123.75
-Muon Arms: + -
> T i / i Muon Tracking + 1D

1257 s2.4,2ll¢

F ¥,-

EMCal, Time Expansion Chambers
RICH. Pad Chambers, Drift Chamber,
Multi Vertex Detector
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RICH Thresholds for different Species

p [GeV]

p-ID

0.013
3.5
12.3
23.5

v R ¥ o

EM Calorimeter

Muon Tracking
Chambers

North Muon

' Momentum Resolution in the Central Arm

Ap [MeV]

p [GeV]

36
90
200

Arm

South Muon

ing Imaging
Cerenkov

R

4
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 PHENIX

% Transversity Measurements at RHIC
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Bi200F 0 1000
g E M mia ~ M e Entries 4008
‘ E M -0.3276E-03 =
i 1000F ] mis  otmoeot| RMS=12 MeV
800 [
600 E z2>0.35
C 0.1<m<2.0GeV
400 Pr>4GeV
200F
':..|:1:. PRI BT PEENEET ST S R R
B TR, X R, T 0 0.05 0.1 0.15
Mypga— M (GeV]
Zo.4fF : :
G Mpia g VS + mmmp Nice! (from Heavy lon)
-l 3
i
0.08F b J[ k
0.06F | PL HHH]l * {-}
0.04F Lt #h#h[# JrH{ t * '
g bt
0.02F _~.~.+.*"+*1-+++++ e
) = S MR IR TS ST FPRTE VR P T
T -2 3 4 s 6 7 & g 10
invariant mass [Gevl
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- BExpected Rate
Example:
E, x, >4GeV
( . 5. illi i b
szr - PZZT > 4GeV 2 Mlll.lon events in 32 p
15% with pair after cuts
800 MeV <m <950 MeV
2 007
o g
£ oo6f l 1
Foost e { |
0.04F l
003 E
0.02F
001 & Uncertainty on Asymmetry vs pb™
oE el U e L
2 4 6 8 10 12 14 18 18
prlGeVvl




¢ Kinematics-

3 e pair, Jet s Mg pair Jet

Q. .0 B - L3 £ .

g208 prvs pr g pEavig AP Vs pr
'Pl P L
E 1 : % 9k
A A
g, & o
10F "
6F
sk

B o 41..1..,.1....|....

10 20 30 40

p* 1Gev]
0. 209 Favrg 7" vs pb* Cannot reconstruct Event
L3 o E . . -
& 0. £ 08§ Kinematics in PHENIX
hel bl 3
o 07 S 0.7 &
0.6 06 -> STAR!
0.5 0.5
0.4 04E
0.3 03f
0.2
01k
Pl ETERETA N N IC N IR AR AT I 0:nvlnnlynnlnnlun
5 16 15 20 5 10 15 200 25
(P +pa)'" (GeVI (pe+ps) (GoV
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.:'f_v PIOjCCt_ed Asymmetry _ (For 1 week of running)

Ar(p, = m"+X) vs pbr

_L: n
é 0.1 E- Ava(CDS¢=l.m=O.35 GeV) J’Ldt:32pb_1
3 0.08 :—
o.06 [- + E, ., >40CeV
0.04 . s ¢ + 1/;7,2, +pk >4 GeV
F -
0021 800 MeV <m <950 MeV
o ; | v i | I T 1777 1 T 3 T
& 3 10 12 14 16
oy of pair (GevT
§ 0L A -cosp-sing,-sing,-sin(8, - &)
% 0.08 -
0.06 |-
ootk l ) Snall aymmetry below
F ! i o) I
CM‘JZE T . P 3 + 1 l T 5 /D bU'f gOOd Fate.
e e e
P of pair [Gevl
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- Conclusions ™ |

® %QCO ,._ﬁmBmm:m last c:B_mmmc«mm_ leading 2&& distribution function

® me:mz\mam? can be probed using Interference Fragmentation Functions
® .Koim:EB _Nmm_o_c:o:.._m:@mﬂm:m:nm are sufficient

@ Good Control of Systematic Errors

@ _n_\mmﬁm:ﬁmzo: Functions are (currently) unknown

A.wmsméa:w Measurements at RHIC ..N_
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Short comment

Akiko Ogawa

RO e
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'STAR detector

Magnet Time
‘ o Projection
; Coils Chamber
Silicon
Vertex
TPC Tracker
Endeap &
MWEC FTPCs
" Veto ~ Veto
Cal —————— = Cal
Endcap Yertex
Calorimeter Position
Detectors
Barrel EM - Central
Calorimeter

Trigger
Barrel or
TOF

Two meson production
oM Y 5q®q®55®5D
o+o Zq@q@a@D

A=

= 1
®Zig“'>quzlg—ﬁg---

Xgﬁqﬁ,czg—%-.

Phase Shift sin &, sin &, sin(d, —9;) is known

0,0 Fragmentation function 40(2),4,(2)

}unknown

Inierference fragmentation function 64;(2) )
&}1 (2) =Z‘?o(2)é1(z)

Schwartz Inequali . ;
e a v qo(z)=ql(z)
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| A scenario
Year 2002 or 2003 '
L =8 10731 /em"2/sec
1 week run, 50% machine time 32/pb

L0 (EMC Jet) Trigger with threshold ~ 10GeV
Only using north/south (not top/bottom)

With L3 data size reduction. ~15Hz to tape
300K sec
. Hz Total
Jet Events 15 . 4.5M Beam Polarization 0.7
pt<10 - 2M cos¢ integral 0.5
10<pt<20 2M ' — dilution factor  0.35

20<pt 0.5M 82K events = 1% error on A

Study dependence on cos¢, mass , z, Pt_jet,h_jet

Transversity (via 2 pions) in year 27
Year 2001 L =1.25 10730 /cm™2/sec Polarization 50%
2 week run, 50% machine time

CTB mulfiplicity trigger
Only using north/south (not top/bottom) 30Hz(?7)
(L3 event selection on Jets / high z ? /mass ?) ~10Hz to tape(?)
600K sec
Hz Total dA Wild guess / Tang’s Asym
Min bias 30
Jet Events ~3 1.8M
5< pt<10 ~2.5 1.8M 03%
10<pt<20 ~04 240K 0.8% 0.6% / 4%
20<pt ~0.02 12K 3%

Single spin & transverse spin / false asym free / EMC is not must
If we measure non-zero, it’s already something
We should start looking at it, when we get collisions

But require good polariZation & luminosity to have “real” physics data
- Not in year 2
161 o
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Sudakov Suppression of Azimuthal Spin Asymmetries

D. Boer (RIKEN-BNL Research Center )

Abstract

We will demonstrate that transverse momentum dependent azimuthal spin asymmetries, like the
Collins effect asymmetry, generally suffer from suppression due to Sudakov factors. This means that
tree level estimates of such asymmetries tend to overestimate the magnitude, This observation will be
illustrated by two examples, which are relevant for present day studies. In these examples the
inclusion of Sudakov factors cause suppression by at least an order of magnitude compared to the tree
level result. Moreover, this suppression increases with energy approximately as a fractional power,
numerically found to be a=0.3.

The first example [1] is a helicity non-flip double transverse spin asymmetry in vector boson
production, relevant for instance for the polarized proton-proton collisions to be performed at RHIC.
In this case, the Sudakov suppression {on top of a kinematical suppression) implies that the
asymmetry will be negligible for Zor Wproduction at RHIC. On the other hand, this opens the way
towards studies of physics beyond the Standard Model using the spin observable A,';.

The second example is a Collins effect driven cos(2¢) asymmetry in electron-positron annihilation
into two almost back-to-back pions [2], which in principle can
be determined from existing LEP data. Such a determination of the Collins effect fragmentation
function would be useful for the extraction of the transversity distribution function. However, the
Sudakov suppression casts some doubt on the actual determination [3] of the Collins fragmentation
function from LEP data. The same does not hold for a similar determination of the interference
fragmentation functions _
from LEP data which is therefore much more promising.

[1] D. Boer, hep-ph/0004217, to appear in Phys. Rev. D.
[2] D. Boer, R. Jakob, P.J. Mulders, Phys. Lett. B 424 (1998) 143.
[3] A.V. Efremov. O.G. Smirnova, L.G. Tkachev, Nucl. Phys. B (Proc. Suppl.) 74(1999) 49.
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RHIC Spin Workshop, Kyoto, October 13, 2000

Sudakov Suppression of
Azimuthal Spin Asymmetries

Daniél Boer
RIKEN-BNL Research Center

e Transverse momentum dependent azimuthal asymmetries

e Effects of Sudakov factors in two explicit examples:
e Double transverse spin asymmetry in vector boson production

e Collins effect asymmetry in electron-positron annihilation

e Implications and conclusions
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Transverse momentum in asymmetries

Transverse momentum dependent azimuthal asymmetries can be
described using transverse momentum dependent distribution and
fragmentation functions

Leads to many azimuthal asymmetries, even unpolarized ones

Example 1: Hy Hy = V(qp) — £0'X
Example 2: et e™ = V(gp) = hy ho X

The vector boson V' has a transverse momentum g, compared to
the two hadrons

Tree level DY: Ralston & Soper, NPB 152 (1979) 109
Tangerman & Mulders, PRD 51 (1995) 3357

Beyond tree level: include gluon emission corrections; if g < %,
perform resummation, yields Sudakov factors

Collins, Soper & Sterman, NPB 250 (1985) 199 [DY]
Collins & Soper, NPB 193 (1981) 381 [ete™]

Transverse Momentum Dependence

Transverse momentum dependent distribution functions:

Pictorially:

NORREC e -t
_ @@ i D D= D D

)
]

=
1}

E.g., gir(, p2) is the distribution of longitudinally polarized quarks
(with nonzero transverse momenta) inside a transversely polarized
hadron

g1 is h*T in Ralston & Soper, NPB 152 (1979) 109

M o pr- S 7y
3(z,pr) = 4 (e T PL D gy P

One can show that (m=0)

ww
[ o et 02 " 200
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Example: A¥.

Double transverse spin asymmetries in vector boson production
(D.B., hep-ph/0004217, to appear in PRD)

Most well-known: the transversity double spin asymmetry

o(Tpt = L8 X)—o(ptp* — ££ X)
o(ptpt = L0 X)+o(pTpt = L0 X)

Apr =

_ sin® 6 cos 2¢% 2-aa e2 hi(wy) R ()
1+ cos? 8 Yas€d It 7o .

It arises from a term o cos(¢§ + ¢%,) in the cross section
Averaging over the lepton plane eliminates this contribution

Not present for W production

Helicity non-flip x%ﬂ

Consider the cross section %mma:am_ in ﬁ:m transverse momentum
of V (angle and/or magnitude) (g3 = Q% < Q%)

In the cross section there is a term proportional to oOmgm_ — smmv
which does not depend on the lepton scattering plane

We find

AYO do(ptpt =V X)—do(p' pt = V X)
rrlQr) = T SV X 4 do(pl gt — V X)
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For W production: N.Q;:: = :\%_m

For neutral bosons, K¢¥(y) o< §% is a dimensionless function of y
and Q?

Ralston & Soper, NPB 152 (1979) 109 (tree level and V = ~*)




Helicity bou-m%.k»%ﬂ

“ree level (intrinsic transverse momentum only):

F[fF] = \ Ppp Pk 6 (pp + kg — a7) f (20, P2 T (22, k)

lesummation of soft gluons into Sudakov form factors results in a
splacement (Collins, Soper & Sterman)

Flff] = mw \o dbb Jo(6Qr) e~ S® Fo (a1, b) T (2, b)
@? 2 2
s6.0)= [ e | Aot I g+ Blen()

ollins (NPB 396 (1993) 161): “The effect [of Sudakouv form fac-
ars] is to broaden the lransverse momentum distribution as Q
nereases, but in a spin-independent way: the broadening is due
7 recoil against the transverse momentum of soft gluon emission.
“his will have the effect of diluting the spin asymmetry [...].

udakov form factors in polarized scattering: Weber (NPB 382 (1992)
3; NPB 403 (1993) 545)

Estimating the effect

Assume Gaussian transverse momentum dependence:
R?
2 2
g1r(®,pr) = G17{) g Alwmﬁﬂv

Also: gl (z) = wgl¥ ¥ () 2M2R? ~ g, () 20 R?

S aanp KE(y) avgs(aq) 2275 (2)
A === = e
rr(Qn) = 5 s KP) filen) )

where

I b1 Jo(bQr) exp (~S(b.) ~Snp(b)
57 dbb Jo(bQr) exp (—=S(b.) —Snp(b))

Allr) =M

With usual b regulator by = b/~/T + b2/0% e, binax = 0.5 GeV™?

For the nonperturbative contribution Sy p we use the parameteriza-
tion of Ladinsky-Yuan (PRD 50 (1994) R4239), with z3z5 = 107%:

Snpd) = 1.98GeV?b  at Q =80GeV
Sypb) = 077GeV?b*>  at Q=10GeV
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Estimating the effect

Implications

(Qr)
2 = 802 GeV?

(Qr)
2 — 102 GeV?

6 7
QriGeV]

—
N
o
FNN
o

Qy [GeV]

The total asymmetry App(Qr) at @ = My is expected to be
below the percent level, if one assumes that on average z; = 0.4
and 2 = 0.07 for W production at RHIC

The asymmetry oscillates, so an incomplete integration over Qr
—for instance due to imposed cuts— will not lead to a significant
asymmetry either

AY(Qr) is mainly of interest at lower energies (V=9%)

1.2 : : . . .
AQ=0) /
1t i
08" .
, ) 0.6}
AlQp =0) v 1/ log™ @
04}
0.2} |
0o 20 40 50 80 700

168



Comparison to tree level

omparing the resulting asymmetry with the tree level asymmetry,

s Ke() 2108 (21) 2278 (22)
s Ko@) f2(@) 5 (z2)

;ads to a comparison of A(Qr = 0) and 2M2R?

App(Qr = 0) = M*R?

1 a tree level analysis R? = 1/(p2) with R? ~ 2 — 11 GeV >,
p) A~ (300 — 700 MeV)?2

“his shows that A(Qr = 0, Q = 80) is at least an order of magni-
ude smaller

{ence, tree level estimates tend to overestimate transverse
1omentum dependent azimuthal asymmetries

10

Beyond the SM

Standard Model App's (all small at RHIC)
AZT o cos(¢h, + @5, )N ien) I )

My A _
Ay o cos($s, — 45,) lww.mlwbﬂme

AYr(@Qr) o« cos(¢s, — ¢%,) Fpr-kr o170:i7]

The Sivers effect or soft gluon pole contributions may give rise to
mE@W. - %wuv asymmetries, but these also suffer from Sudakov
suppression or power suppression

Therefore: is Al the perfect place to search for physics beyond
the standard Boam_w

For instance, Rykov's T-odd asymmetry (hep-ex/9908050)
A ocsin(ds, + ¢5,)

which would arise due to CP-violating vector couplings of the quarks
to the W (not V — A anymore, but some complex linear combination
of V and A). This is expected to be of order My, /A

(unless from SM CP violation)
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Lepton plane orientation

The asymmetries that depend on the lepton plane orientation:

App oo.mgmH + ¢%,) and o sin(¢h, + ¢%.) are transverse spin
asymmetries at the parton level also: 4, therefore will have to go
with \S \.S .

Bad news for Azq

[R1hy contribution in pTpT — 2jets X small for other reasons]

The asymmetries that don't depend on the lepton plane orientation:

4

App OOm@mH - &mnv and o sin(¢g, —~ va are dyy, Gyy or Gy,

Sudakov and/or power suppressed

© | }

Fragmentation functions

Collins & Soper, NPB 194 (1982) 445

'z ks ) Gy .
Ay(k) = M\% e (0 ()] 7. 51 NP, 55 X [;(0)|0)
X

The unpolarized fragmentation correlation function A(z) is
parameterized as

A®)=Di(a) L

and A(z, k) as [Collins (NPB 396 (1993) 161)]

+ +
Az, kp) = Dy (2, kq) QM FiH (2, k) xq*

Apart from experimental indications that the Collins effect is nonzero
at low energies (HERMES, SMC) and that it can account for the
pp! — w X SSA, there is also LEP data...
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Collins effect in eTe™ w77~ X Collins effect in ete™ - 7T 1~ X

Problem is that the asymmetry expression used is the tree level result

do(ete™ = ntrX)
dQdzdzad? g

x {1+ cos(2¢41)A(gp)}

with (g3 = ()3 < Q%)

Bl & F (2. ey — gEppkp) HEHLY] o
08(2¢1)) o (H)? Afay) = 20 X &7 (290 Py grkr = drppky) HPHE] g
QM1 My A(y) 3, ¢ F [D:1Dy]
P,
1 2\ em 2
Aly) = (5-v+v" )= 7 (1+cos’ty)
B., Jakob & Mulders, NPB 504 (97) 345; PLB 424 (98) 143 em 1l . g
Bly) = y(l-y) = gsin®f
confirmation of this asymmetry would confirm the Collins effect,
thout the need of polarization
. P % 2 + a?2
first indication of a nonzero correfation comes from a preliminary “ CMM QWwv
alysis of the 91-95 LEP1 data (DELPHI) by Efremov, Smirnova & g = (99" -4

catchev, NPB (Proc. Suppl.) 79 (1999) 554

14 @ . 15
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Estimating the asymmetry

Tree level:
F[DD) = [ ke Ppr #(pr -+ ke~ ar)D%(e1, KD (2, 93)
Inclusion of the Sudakov form factor leads to

1 o0 - =
.ﬂﬁb.Ug = w|3...\o &@@.\o@@ﬂvmlu?vgﬁmf b) D(z2,b)

Assume again Gaussian transverse momentum dependence )

We find

_ Bl ¥, c§ Hi"(z1) Hi(2)
Alar) = 4M*R* A(y) 3., ¢ D§(z1) D¥(22) AlQr)

where

M2 Is” dbb® Ja(bQr) exp (—S(bs) —Snp(b))
[ db To(bQz) oxp (—5(b2) —Sne (b))

Snp(b) =2.050%  at Q =90GeV

Al@r) =

We restrict to St

b]

16

M

Implications

AlQr) =

.Nw .\o &@@w .Nm@@m._v wum@A ,m_@ vl%ZﬁQ&v

[ dbb Jo(bQr) exp (—S(b,) —Snp(b))

03 ———————
o.mm#

AlQr) . 0.05
@Q* = M2 0
-0.05}

0.1}

-0.15}

Features:

e Kinematic zero at . = 0 as expected
o Maximum of 0.22 at Qp = 4 GeV

6 7
Qr [GeV]

8

©

17
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Comparison to tree level Conclusions

Efremov et al. NPB (Proc. Suppl.) 74 (99) 49; 79 (99) 554 . )
« Leading twist factorization at Q% < Q? requires distribution and

2 ‘ . . .
. 1 .
do 6 | HY ew l.mm sin? 0, fragmentation functions as a function of transverse momentum

% 142 q
&0.0m %N&«\»H x + .\.ﬂ ww @w + Dw 1 + cos? %m OOMAMQHV

Sudakov factors need to be included ~ important at high ¢°

In the example of the double transverse spin asymmetry AY..(Qr)
5 Sudakov suppression was demonstrated, implying:
b0y [HEA)] g0 —ga® sin®6s cos(261) o AY(Qr) is negligible at RHIC

dcos mm.%\: | D$(z) 982+ 942 1+cos2 0, o A¥(Qr) is mainly of interest at lower energies (V = v*)

In the Collins effect cos(2¢) asymmetry in et e” =t o~ X

Note: numerator and denominator have separate 3,
. a strong suppression due to Sudakov factors was demonstrated

A = g/ . [ R ~ 13Gev?
A = H\Awgwmmv Guwv ~ (270 Zm<vm e This is relevant at () ~ 4z and casts some doubt on the
gsud 0.07 actual determination of the Collins fragmentation function

from LEP data

Tree level estimates tend to overestimate transverse momentum

if A" = 6/ yields | H /D1| = 6% = 2%,

d R — . dependent azimuthal asymmetries
then ASMY = (.07 yields |Hit/Dy| = 30% £ 10%  [too large?]

19
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NEW PROSPECTS FOR POLARIZED FRAGMENTATION FUNCTIONS

Jacques SOFFER (Centre de Physique Th’eorique CNRS)

Abstract

The knowledge of hadron fragmentation functions gives a deeper understanding of the hadron
structure and of the hadronization mechanism for inclusive production. Here we are concerned about
the A(X) hyperons and we will review the present status of their unpolarized and polarized
fragmentation functions.

We first recall the results of a QCD analysis of the data for inclusive A(K) production in ete
collisions in the energy range 14 S«/E <91.2 GeV, which yields the first simple and reliable
parametrization of the unpolarized fragmentation functions D;K(Z,Q?-’). The observed longitudinal
polarization of the A's produced at LEP on the Zresonance, leads to some inaccurate information on
the spin-dependent fragmentation functions p44(z,0%). As we will see, several theoretical models
have been proposed for these polarized fragmentation functions which are, so far, badly constrained by
the existing data. Some predictions can be made for the spin transfer in polarvized deep inelastic
scattering, buf one gets no definite conclusion by comparing them with the present very poor data
from HERMES at DESY and E665 at FNAL. We also stress the importance of the A(K) production
in neutrino (antineutrino) deep inelastic scattering, which allows a clean flavor and spin separation.
New data will be soon available from NOMAD at CERN.

We will also give the prospects from pp collisions with polarized protons at BNL RHIC, because
there are recent interesting suggestions for measuring the helicity (and transversity) transfer
asymmetry in the process = AX . From its dependence on the rapidity of the A, it is possible to
discriminate easily between the various theoretical models, thanks fo the high luminosity and the
small statistical errors.
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Fig. 2. Upper bounds for the spin-transfer mmwBBQJ\ Dfby ac-

cording to Eqgs. (7) and (8), as functions of the rapidity of the
produced A at RHIC energies, using saturated positivity bounds
in (1) and (3) for the A;g and for the three sets of transversity
fragmentation functions bﬂb%. respectively, as defined in the
text. The *‘error bars’’ correspond to the expected statistical
accuracy for such a measurement at RHIC and have been calcu-
lated according to (15) and as discussed in the text. For ‘‘scenario

3 we also illustrate the typical theoretical uncertainty induced by

a variation of the hard scale 4 in (8) in the range pr /2 to 2 hﬂ
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‘From the charged current quark transitions, for neutrino induced reactions

vd—pu; vd—pTc
v = pod; vu -y pTs; . 2)
vVs—=rpuTg vs—uu,
<
and for antineutrino induced reactions L
7u—rptd; Tu—puts;
7d - uty; 7 d— uty (3)
T pte v 35— pta,

the expressions for the A and A longitudinal polarizations in the beam direction are,

for A and A Emn_:nmm in ‘the current fragmentation,

B o o TR
ww?fvuucmwsﬁ AEVQ,MNW WM W %m.wv for BN = utRX. (1)
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E.mﬁ.m 1: The prediction of the longitudinal hadron polarizations for the octet baryons
in ete—-annibilation at two energies: LEP I at 2 resonance y/s ~ 91 GeV (thick
curves) and LEP 11 at /5 =~ 200 GeV (thin curves), with input fragmentation func-

Yigure 2: The predictions of the z-dependence for the hadron spin transfer in po- .
arized .charged lepton DIS process for the octet baryons. We adopt the CTEQS set .

istributi : : i dopting the Ansatz Eq. (1) from valence quark distributions in the pQCD
Tquark distributions [44] for the target proton at @* = 2.5 GeV* with the Bjorken bions acoptin g 3
sariable z integrated over 0.02 —+ 0.4. The corresponding input fragmentation func- based analysis (solid curves) and the quark-diquark model (dashed curves).
Jons adopt the Ansatz Eq. (1) from valence quark distributions in the pQCD based < u(e QOSATATON ~ DV AR =
wnalysis (solid curves) and the quark-diquark model (dashed curves). A( > h.u Qualic Ses 15 fQuaiie MopE Fv v
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Polarized A:+ Production at RHIC

Kazumasa OHKUMA (Kobe University)

Abstract

To extract information about the polarized gluon distribution in the nucleons, we propose Ac*
productions in polarized pp scattering which will be observed at RHIC experiment. For this process,
we have calculated the spin correlation differential cross section, and the spin correlation asymmetry.
We have found that the spin correlation asymmeiry is sensitive to the polarized gluon distribution in
the nucleon and thus the process is promising for testing the polarized gluon distribution,
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Polarized >M Production at RHIC

Kazumasa OHKUMA (Kobe Univ.)
2000/0OCT./13, KYOTO

Based on
K.O, K. Sudoh and T. Morii,
hep-ph/0009004.
(to appear in Phys. Lett. B)

I. Introduction

II. A} Production in pp reaction
III. Numerical Calculation

IV. Summary
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I. Introduction \

N

Proton Spin Puzzle

1

L :
5= EAE—" Ag+ < L >g4gq

A% @ Quark spin Ag : Gluon spin
< L >g444 : Orbital angular momentum of Quarks and Gluons

Experimental results : AY ~ 0.3
=> Naive quark model does not work _
= need more information about polarized partons
in the proton
— The knowilege of the polarized gluons is still poor !l —
To extract the imfomation about the polarized gluons, we pro-
pose one such process:

/

International Workshop on Polarized partons at High @Q?% region, 00/Oct./13, Kyoto. Page—1

f

L

~
property of A1 baryon

& A'c*‘ baryon is composed of heavy ¢ quark and
antisymmetrically combined light v and d quarks.

= [ Spin of A} baryon = Spin of ¢ quark J

& ¢ quarks are not the main constituents of the proton
= gluon-gluon fusion process is dominant for ¢ quark
production in pp scattering.

There is relation between the gluon spin and
produced c quark spin.

)

observation of the spin of the produced Aj gives us infor-
mation about the polarized gluons in the proton.

193 J
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~
II. Af production in pp reaction
P+ p — Kg' + X Subprocess

> K }X o .

p

+@<§}x
: : Tt
> > X
v w\} e :

This process can be measured by forthcoming RHIC experient.

International Workshop on Polarized partons at High @Q? region, 00/0Oct./13, Kyoto. Page—3

-

To extract the information about polarized gluon distribution in
the proton, we calculated two observables using parton model.
1 : the spin correlation differential cross section

dAo _ do(++) — do(+—) + do(——) —do(—+)
dp; dp;.
p, : Transverse momentum of A}

do(+,—)/dpr : Spin dependent differential cross section with
the positive helicity of the target proton and
the negative helicity of the produced Aj‘
2 : the spin correlation asymmetry

do(++) — do(+—) + do(—~) — do(— —|—)/de dAc/dp,
do(++) + do(+=) + do(——) +do(—+)/dp,  do/dp;

Arp =

/

International Workshop on Polarized partons at High Q° region, 00/0ct./13, Kyoto. Page—4
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—
Proton—proton center of mass frame

Shag

gy 4 2
AY Pap=%E60), s=|1-T2

Pr. = (EAcaPL7pT)
= (\/mjzxc + (pTcsc®)2,pTcot®,pT)

D,
Pac

\@ Pop = TopPap » D=3
’ ——
EDLLILL 1000090 f—~
| 7,
~ g, =0

Assumption : 6,4+ =~
C
6A+ . Scattering angle of the produced Aj in final state
C

Scattering angle of the ¢ quark in the subprocess

Oc

J

Page—5

L
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~

The spin correlation differential cross section

emax i 1 9 9
Gga/pA(wa’ Q )Ang/ﬁB (mb’ Q )

dAc
d E/ min / i /m'
Dy @min “pmin ] in
dAG
X—di:;—‘ADKg_/é. (z)jd@do:acla:b

Gga/pA(:ca,Qz) : Unpolarized gluon distribution function

Ang/ﬁB(mb,Qz) : Polarized gluon distribution function
dAG /dE Spin correlation differential cross section

for subprocess
ADK;F/E (z) : Spin dependent fragmentation function
Jacobian which transform the variables

J :
z and t into © and p,,

Page—6

N
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/

III. Numerical Calculation

Gluon Distribution Function of the proton

For unpolarized gluon distribution : G, /,(z, Q?)
e GRV95 ' )
M. Gliick, et al Z. Phys. C67 (1995), 433.

For polarized gluon distribution : AGgo/ﬁ(a:,Qz)
. e GS96-setA andB
T. Gehrmann, et al Phys. Rev. D53 (1996), 6100.
¢ GRSV96
M. Gliick,ef al Phys. Rev. D53 (1996), 4775.
Fragmentation Function : (A)D(z)
e Peterson Fragmentation Function

C. Peterson et. al Phys. Rev. D27 (1983), 105.

J

o
International Workshop on Polarized partons at High @* region, 00/Oct./13, Kyoto. Page—7
py distribution of Spin correlation differential cross section
T < e <
6 — — 6
1/5=200GeV +/s=500GeV
— —— GRV95 —— GRV95
?_, 10 ¥ T T T T GS96-A % ]_03 ----- GS9%6-A.
g0 ~—=- GS96-B 0 e GS96-B
S =)
10' 10"
10’ 10°
107 £10*
L0 B o
) 10 @10
= 107 = 197
10° 10 -
107 107
107 107
3 5 10 15 20 25
P GeV
- T [GeV] )
International Workshop on Polarized partons at High @Q? region, 00/Oct./13, Kyoto. Page-8
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dAc emax

=/ i / i /1mm ga,/p (iBa,Q )Aagb/P (mb’Q)

de ~ ‘g@min zmin
a
X-EE—ADK_C{_/E (z)Jd_@dwadicb
a sign of the d‘;" is determined by the sign of gég because all
the other varlables are positive for all Kmematlcal region.
4
dAs  wa2[m2(9t—19a 3| s(f—a] 3(2¢
= = = + ==+ 1= ——t— 41
dt 3 |24 ta 2 6| ta 813

the sign of —‘fiﬁ& mainly originates from the second term, be-
OGP

cause both ¢ and 4 are negative and smaller than § in magni-

tude.

N 4 Y,

International Workshop on Polarized partons at High @Q? region, 00/Oct./13, Kyoto. Page—9

_ R

~ ’ 2
t— 4 =zp/s {:ca\/— - — (\Jmig. + p,icosecz@ + pp cot @)}
z

mig_ -} pT2cose02® + prcot ®
\/8 — (\)mi";+ + py2cosec?® — p, cot @)
C

g becomes very small in large \/E and smalli py region.
For vary small =4, £ — 4 can be negative. — dA&/dt < 0

4
dAo @max 1 1
de = /@min /wglin/mm ga/p (-’Ba,Q )AGQ /p (mb’Q )
dA&
———T—ADK,}_/_, (Z)jd@dmadiﬁ
Vary small z, leads to large values of the gluon dlstrlbutlons r
and negative values of dAa/dt — dAo /dp. <0

\__ 197 /
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Spin correlation asymmetry

+/8=200GeV +/5=500GeV
..... GS96-A -e-e- GS96-A
T L T T GS96—B - 0-02 T T T T T G896—B 1
008 | —-—s: GRSV | —-—-- GRSVY
I ] 001 | A
’/’
0.06 E . -~
SRzae 0t e -~
r palvinigll SN 1 \\ e s
3 , e | 3 N -
= 0.04 Sl T 1 < \\\ ,”’ » -
~— S -0.01 | S—— ’a’ be:
e i D N, L ’-’,f
~\_~.~.‘. \, ) L, = -
0.02 T e - -0.02 _‘\\\'\~ ’,4" _/"’ .
] - Ca
0 1 ] L L 1 ] _0.03' ] J ] 1 Il ) I 1
3 4 5 6 7 8 9 10 3 4 5 6 7 8§ 9 10 11 12
P, [GeV] Py [GeV]
(Error bar :the statistical sensitivity for T = 100-day experiments)
. /)

International Workshop on Polarized partons at High @Q? region, 00/0Oct./13, Kyoto. Page—11

s . ™
IV.Summary

& The spin correlation differential cross section, —CfAr", and
P

asymmetry, Arz, has been calculated for /s = 200 GeV
and 500 GeV. <« RHIC experiment can measured
these observables.

Both ‘éﬁ—” and Ay shows considerable difference
T
in behaviors for these two energies.

Ay is sensitive to polarized gluon distribution.

FUTURE
Study of higher order corrections needed !!!

o %

International Workshop on Polarized partons at High Q® region, 00/0Oct./13, Kyoto. Page—12
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Large momentum transfer electroproduction of mesons

Hanwen Huang (Kobe University)

Abstract

Assuming the proton's light-cone wave function to be dominated by small parton virtualities and
small infrinsic transverse momenta, we show that the electro-production amplitudes at large
momentum transfer factorize into parton-level subprocess amplitudes and form factors representing
1/xmoments of skewed parton distributions. On the basis of a wave function overlap model for the
form factors we present detailed predictions for the electro-production cross sections. We also

comment on large momentum transfer photo-production,
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lLarge momentum transfer

electroproduction of mesons

Han-Wen Huang A_Xocm_ Univ.)
2000/0OCT./13, KYOTO

| Based on
H.W.Huang and P.Kroll (Wuppertal univ.)
| hep-ph/0005318.

I. Introduction

II. The soft mechanism

III. The form factors and the meson distribution amplitudes
IV. Potoproduction of mesons

V. Electoproduction of mesons

VI. Summary
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1. Introduction]

In hard scattering, nonperturbative information is parameterized
in terms of hadronic matrix elements of operators.

e Inclusive: diagonal matrix elements of bi-local operators =
parton distribution functions (PDFs).

e EXxclusive: non-diagonal matrix elements of local- combina-
tions of operators = hadron form factors.

non-diagonl matrix elements of bi-local products of operators
= skewed parton distributions (SPDs), combine properties of
PDFs and form factors. J

o

- ‘ ™
e Large Q2?, small |t|: deeply virtual compton scatterlng
(DVCS) and deeply virtual eﬂectroproductlon/\ (DVEM)

factorize into hard photon-parton scattering and SPDs.

e Large |t|, small Q?: |t| — oo, perturbative dominate;
|t| accessible in current experiments, in compton scattering,
soft contribution dominate, factorize into hard subprocess
and new form factors representing 1/z moments of SPDs
(M.Diehl, et al., hep-ph/9811253).
2
(Apply to large angle electroproduction of mesons. |

N . /
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IL. The soft mechanism]|

Kinematical region: s = (p+¢q? —t= —A2%, —u = —(p — ¢')?

are large (> AQCD) Q2 is not considered as a large scale. Work
in symmetric frame

—t/4 1 m?2 —t/4 1
+ m?—t/4 _: R 7
=P SALls P {p, Py AL
, ,
At=a"=0,t=-Aa%, ¢=-4=1-2f
Parton momenta z; = ki /pT, z! = Kt/p't, k;; and K|
The arguments of the light-cone wave function
E;=w, kij=ki;+z;A0/2.
#=a K ,=¥;—-2A,/2
The crucial hypothesis in the soft physics approach: soft pro-

ton wave functions dominated by |k, ]L’3]<A~ and intrinsic

transverse parton momenta kiz/mz,k”h/m A2
8 = (k+ q@* and @ = (K — ¢g)? are equal to
s and w up to corrections of order AZ(t + Q2)/t
q q
o
e+
ki
\\
\
P e, P’




~
The physical situation is that of a hard parton-level subprocess

(3, —t,—0 > A?) and a soft proton matrix element describing the
soft emission and reabsorption of a parton by the proton.

Mq) M | 4 d*z ik
Myt = TeeaB! [d kO™ [ eth-z

(2m)3
X |0V | TBaa(0)ap(=) | p2) HILD*P (1, k)

+ (P | Thaa(2)bas(0) | pv) Hyf D (—k, — /)

Active parton is on shell, collinear with par-
ent proton = integration over k~ and Lk, leav-
ing an integral rsdktidz” = 2z — z = [0,27,0,].

Zn

k22

Pa(0) hg(2) — (I):;i)“ AEA,(E/?(D)W?J(H,/\’))
x (@(k, A)yw(z)) Ta(k', XY ug(k, \)
Define

M (q)

Hyixtn = Ak, XY H D (8! k) ik, N,

MY 60 = & (Dt 0+ R

+HM<‘”_(S t) (R (1) - RY (1))} ,
Form factor decomposition

de , dz7 ;. 4. - _ _ _— L

01 Pt [P (pV B0 (0)y T a(2) + mprBa(Z)y Teba(0)] pro)

<

‘] ,i T
_ RMa(t) ,a(p/’ )y Fu(p, v) + R%I“(t)% a(p’, V’)o.-i-ﬁABu(p, vy,
1mp+~

dz . o ) o .
Jrpe / 77% (0 [Ba(0)7 P y5a(2) — KarBalZ)y T rsa(0) pv)
= Rﬂ\xla(t) 'a(p s V/)’Y_*—'“/,r,U(p, v).

203



M (q)

Hopr by = zms(uR)fM-—A—,z o drdar( T)f@(ﬂ

Large Q2, small |¢| (DVEM)

Hévi(%)%_ x 1/7 moment;

’HM(:E)_,, o« 1/7%, 1/72 = the break-down of factorization for

transversally photons.

For flavor-neutral vector meson production, gluons contribute.
1% \4 V(g) .\
0~£%+(3 t) = [ 01(9;21(3 t)( (g)(t) +RA( )(t))

vV vV
- Hoil,w(s, 1) (By9 ) - AW )]
The form factors are related to SPDs at zero skewedness
dm 1 d.’B
RY(®) = fp zFé=o(m:t) ,BAY®) = fj 5Ge-0(:1)

are still called 1/z-moments of SPDs.

- ;
|III. the form factors and the meson distribution amphtudesl
RM R)Y
P | e~ B | T, e
W, Nq %[QURY‘/[“ + e RMd] 71—5[81,, -+ ed]R‘g
@5 Ms Ri‘lr esRTC,;]

In Compton scattering, the sum runs over all flavors, here the
sum is over the valence quarks of the produced mesons.

w — ¢ mixing is small and ignored. 7 — %’ mixing is taken into
account.

n = cos¢png—singp ns,

77, = sin (bP 77(1 + Cos ¢P Ns

take ¢p = 39.2°.

In a frame AT = 0, SPDs can be represented as overlaps of
light-cone wave functions summed over all Fock states.
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a i N
Assuming a single Gaussian k; -dependence of the soﬂ: Fock
state wave functions "

- N k2
Unplwi ki) o« expl—ak b ol
i=1 T4
The form factors for individual flavors (a = u, d, s):
dx 1 5 1 —x] _
RY*(t) = f — exp|5a%t——|{ge(e) + a(®)}
dx 71 51—zl
1 ~3 _
Rxlzjfa(t) = = exp ’ia")t - {¢a(z) — @a(=)},
dx E1 1 — )
RS (1) = 1= exp|-a’t z).
v(t) fo z P 5 - _9( )
three lowest Fock state contribution g{V=3%5)(z) are evalu-
ated from the light-cone wave functions (with a3 = a4 =

ay = 0.75GeV™ 1), nhigher Fock states is estimated by se’ctmg
(CLN = 1.3a3 for N > 5)

(V) - _ 5 (N)
N2>5qa (@) 9a(2) N—_~>§,45 (@),

qo(x) are taken from the GRV parameterization.

a ™

S

Form factors, scaled by t2, evaluated from the overlap model

20

Veclor Form Factor for GRVS8 with ay,,5=1.3a
4 [GeV?)

t[GeV?)
Axial Form Factor for GRVI8 with ay,s=1.3a

18 F
1

W) - 0 o ) N
< L5pd 3]

[A29] D) fAH 205 LR AR
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They approximately behave as 1/t in the momentum transfe?
region from about 5 to 15GeV2. With increasing [¢| the form
factors for uw and d quarks gradually turn into the soft physics
asymptotic o 1/t4 :

The form‘ of the meson’s distribution amplitude
¢as(t) = 67(1—7).
For the meson decay constants

fr = 132MeV, f,=216MeV,
fo = 195MeV, fu=23TMeV,

for the decay constants of the states 7g and 7,

\_ fq=141MeV, f,=17TTMeV. Y,
/ a.:-\:ﬂ‘r _,_,\
Soft physics contribution to photoproduction of 7® scaled by s’
*,'+lp-->n:0+p
1000 L ¥ - T T T l2
b S::TOGeV2 ]
! §=20GeVy e
§=40GeV* - ]

100 |

s’do/dt [ub GeV'?]

10 |

1 |- ] | - 4 1 !
-0.8 -0.4 -0.2 0 0.2 0.4 0.6
cost
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IV.Photoproduction of mesons

Photoproduction cross section of pseudoscalar mesons
do 1 Crl?
E??P = Eaem Was(lf'R)fPﬂ/T)P'ﬁgl
—%
X —— {(s —uw)? (R (1)) + % (RE (1))?} .
. k7 A 34

As compared to experiment (at s ~ 10 GeV?) the soft physics .
contributions are too small by orders of magnitude.

Another dynamical mechanism (hadronic component of photon)
is at work here. Vector meson dominance (VMD) estimate of
the photoproduction cross section

do mf2

—(vp — %) = cem—£ —(7r p— p)+——(7r p— p)

dt m2

\_ P Y,

1. Electroproduction of mesons

d4JjVI _ Qem S
dsdQ?dtdy  1672EIm2Q2(1 — )
do M do M do IVI do‘%/gw
X df + € df + 2ecos 2¢p + y2€(1 + €) cos cp——;i——-—

¥y rtp>plep

s dchdt —_
45 et 57 d(!'l_/dl

57'd0L.T/dt [ub GeVm]
N
[8;}

0 2 4 6 8 10
aicevy 207



The partial cross sections for p? mesons {(+/s=20Gev)

e o A et i s e+

90

y'o-
20

20
0
90
20

9500

0 <¢o

T T

DG'EE=,0

Topytop

0 <20

2APDS'EE=,D

3 i

for p¥ mesons (/5=40Gev)

{;,heD arllp/lop, 5

The partial cross sections

90 ¥0 20

T Y

2 1

/509

90 ¥0 ¢ 0 20

APD0L'S2=,0

L SNEDOL'S'2=0

80 0 g0

L . L

JOU\PJD_U

Jop/top

0 20 0 20

L 1.

: 2N\ED0L'S'Z=,0

ToprLiop
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(s =20 GeV?2 and Q7 = 3 GeV?)
Longitudinal Electroproduction for cther Mesons
100000 L T 1] T T T
10000 |
o 1000 F
2 i
8 L
P 100 :
=
2 10 ¢
b L.
2 A
o 1}
0.1 R i
0'01 1 ) ~i i L
-0.6 -0.4 -0.2 0 0.2 0.4 0.6
cast
e

I. Summary]_

e The soft contribution to electroproduction amplitudes
factorize in hard subprocess and soft proton matrix elements
described by the same type as in Compton scattering,
representing 1/z-moments of SPDs.

e The new form factors, can be extracted from experiment,
provide information on the large momentum transfer behav-
ior of the proton SPDs.

e Based on a LCWF overlap model, predictions for electropro-
duction of mesons at moderately large photon virtuality are
presented. The kinematical region in which the soft physics
approach is applicable to electroproduction, is accessible to
experiments at the TJlab, ELFE, and EPIC.
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PHENIX Detector Commissioning and Prospects
for Polarized Proton Running

Kenneth N. Barish for the PHENIX Collaboration (University of California)

Abstract

The Relativistic Heavy Ion Collider (RHIC) at Brookhaven National Laboratory will accelerate highly

polarized proton beams and collide them at a center of mass energy up to J§ =500 GeV. PHENIX is
one of the major detector systems at RHIC, consisting of two central arms (In| <0.35 and 2 X

9009 coverage) and two muon arms (1.2<|7 | < 2.4). The first spin run is expected in 2001.

The RHIC Heavy-Ion program began earlier this year. In this running period, PHENIX successfully
commissioned at least in part 12 subsystems, and first physics from PHENIX have recently been
presented at the JPS and DNP meetings, In this talk, I will give an overview of the Heavy-Ion physics
run with a particular focus on the detector needs and schedule for spin physics running,
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Prospects for Polarize
Proton Running

Commissioning and Y A

Kenneth N. Barish
UC Riverside

The show's just beginning ..

covicer o P o
cxematers (3. Sear-Beam Coumier (B0 e -Font Cectons. PedTsarten.

o irdncied ¥acks ockeing t e

3. Fe
Fuariiar, Tooa Sart ond Enctrruagnect Cosralers EUE,
ooty
i mon sceveed war T Carte of g FHEML

K. Barish | |
UC Riverside
14 Oct. 2000
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PHENIX Physics Program

Relativistic Heavy Ion Program
Characterize nuclear matter at
high temperatures

*Understand transitions
between phases
Or
Excite vacuum and see what
happens:
-Deconfinement
-Chiral symmetry restoration

Spin Physics Program

3q, physics beyond standard model

K. Barish

UC Riverside
14 Oct. 2000

PHENIX Spin Physics channels

Central Arms

Physt Process Trigger

Direct Photon | EMC, h.T.

7" asymmstries | EMC, h.T.

-+~ asymmetries| EMC, LT. Mul.
O. Heavy flavor | EMC*RICH, 1.T.
Jly EMC*RICH, I.T.

AG

Aqlq We-production | EMC, h.T.
& § + asymmetries | EMC, L.T., Mul. E
all Trigger bias EMC, RICH
pre-scaled

Physi

AG

Aglg

all

Muon Arms
Process Trigger
Heavy flavor Mu-ld based
Jly Mu-ld based
W-production Mu-1d based
Trigger bias Mu-id pre-scaled

K. Barish

UC Riverside b=
14 Oct. 2000

213



PHENIX Spin Run Plan

Spin Year  O% Energy Physics
S uZ;}jﬂnneE
1 32pbt A # 200GeV =0 (e, )

2 290pbt A, 2006GeV vy,x%, e, pn,pp,ep J/y
N&sS 2 32pbt A 200GeV =+
u arms

3 800pblA, 8006GeV W +above

#Discussion on a short Ar- run in spin year-1

ongoing.
K. Barish .
——s UC Riverside  je~i
14 Oct. 2000
The PHENIX Detector
A complex " Global
apparatus to MVD/BB/ZDC
measure
» Hadrons uon Arms
» Muons West A"“ Coverage (N&S)
—_—r -1.2<y]<2.3
» Electrons o <b <
» Photons | |. H AM(J/ql)—IOSMeV
. =180MeV
Executive ll |‘ l | __L__ ,_\v/_'“
summary: | T 3 station CSC
. | [' @ ‘ 5 layer MulD (10X;)
» High . p()>3GeVic
resolution ___
» High = =
ranulari
- Zu erb PII outh muon Centeal E"'fn‘fmA"m North muon
Arm Coverage (E&W) -0.35<y <0.35 Arm
. 30° <|¢ [< 120°
AM(Iy )= 20McV, AM(y) =160MeV  Barieh
UC Riverside p~i
14 Oct. 2000
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The PHENIX Detector -

o One “"Central Ar'm"

K. Barish
i UC Riverside |o
14 Oct. 2000

Requirements for Spin Channels
Physics Trigger Detectors (Required/Helpful) Approx O%Pdt
Direct EMC EMC, DCH, PAD 300 pbt
20 Asymmetry EMC EMC, DCH, PAD 10 pb-!
7 Asymmetry EMG/RICH EMC, DCH, PAD, RICH, TEC 10 pb™t
e EMC/RICH EMC, DCH, PAD, RICH, TEC, MVD 25 pb!
ep EMG/RICH EMC, DCH, PAD, RICH, TEC, MVD, 1 300 pb-t
n n-ID am 300 pb
m u-iD 1 pam 300 pb-t
JhyOee EMG/RICH 1pam 300 pbrt
JyOpp u-iD EMC, DCH, PAD, RICH, TEC 300 pb-!
W Oev EMC/RICH 1pam 800 pb-t
W Opv p-ID EMC, DCH, PAD, RICH, TEC 800 pb-"
Drell-Yan {e) EMC/RICH 2 pams 300 pb-!
Drell-Yan L p-iD EMC, DCH, PAD, RICH, TEC 300 pb“
l 1 pam
25 0 ) K. Barish
UC Riverside =1
14 Oct, 2000
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Year-1 Configuration

PHENIX in Year-1
» 12 subsystems at least
partially commissioned.
» Over 200,000 channels

Mchanics presént
“Read pitactive -

N e

|

| K. Barish

UC Riverside
14 Oct. 2000

March thru June M

» RHIC Machine studies
» Detector Commissioning

Raw ZDC3 14998832

June 15, 2000
»  First collisions {y=30)
Initial Operation (=70, 6 bunches)

» 500,000 Minimum-bias
triggers

f

Final Operation (y=70, 55 bunches) (
» 45,000,000 Min-bias
triggers (4.1 mb-1) ' » '}
5 Million Events Taped yopeaptirazssios I 1
i i P
l ["July 2000 " |August 20007 Sopt. |
N o T G versa
PH:ENING B 14 Oct. 2000
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Reading out the Same Event!

PC1 (sast) vs.DC

PC3 (sast) vs. TOF (sast) TOFvs. TEC

. Numberof TOF hits @

- T

Number of PC3 cluster

K. Barish
% UC Riverside —{
14 Oct, 2000

BB and ZDC Counters

* Tungsten/quartz
fiber hadron
calorimeter

- only forward neutrons

* Luminosity monitoring,
min. bias triggering

+ ZDC's the same for dll
intersection regions

T —tT

Ju0e 243090, Stsre nt d:#0per: Aw 3 A£GV

EeF
wb
‘-{ Single
s i neutron o
i peak Coincidende
m%l with BBC
= H
;
=5
3
e b 5

Eoeryfu shagle IDC (=)

K. Barish

~PHZEN

UC Riverside  p
14 Oct. 2000
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Beam Beam Counters

BBC (beam-beam counter)
» start timing, vertex location
» multiplicity

i

4 UC Riverside
14 QOct, 2|

Correlations with ZDC

Peripheral Collisions ™y
Large fragments, small number of forward neutrons ‘t:@:-:e;>

- '» <|
Central Collisions
Mostly participants, small number of forward neutrons le

[ ERE g Foc g ) e
< E
& o =

B o e

- E
- :
M 10| . . “l:

% se om0 xmmmnwmmm’ﬁs‘ [T )

Rl P

ZDC Energy (a.u.) ZDC Energy (a.u.)

s i V1Y | E Born
PH%&ENJX‘?@ Eok 14 Ocr 2000 r
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- | Tracking and Alignment

Event projected & L T
%/ into xy plane
< - R 100 EYeTBO068 ket ddutemcraaThce pu ooz

W drift chambers

time expansion chambers [ Sy

M‘mﬂ | . [TEC points backto vertex _“:_ S

[ e ) [T —

.

TR TR P T T PP

-8D0 ~550 ~500 ~450 400 -358
PHENEX Gitabiad Goordinates (cm)

TN

K. Barish
UC Riverside =
14 Oct. 2000
Multiplicity Distributions
10‘:....1....,....,....,....,....,..,.,..”§
3 F PHENIX preliminary 3
i E
= F E
° - =
~ - 3
S 1w -~
10 = =
L. pad chamber measurement ]
1 = — drift chamber measurement "a ” =
ST P T T T Lot 3
0 100 206 300 400 506 606 700 800
dN,,/d7 | 1=6
X "%f“_;';‘ gg K. Barish
4% UC Riverside =
i e .1 14 Oct. 2000
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E; Analysis from Calorimetry

- . PHENIX Prelimimary © - ©
. Normalized fo 10.7 barns -

= ‘rw'mnin:i&vyiﬁm !

S 106 250, Y00 Woo SO0 GO0 YOO | -
<o L Teanwverse Grimrgy (Gevy

One-fourth of azimuthal coverage used for this analysis
» Corresponds to 5184 5x5 cm? towers
% Minimum-bias trigger includes 7.2b strong, 3.7b mutual-Coulomb
dissociation
Energy scale and e/n/p response checked at AGS & CERN, 1-70 eV
Upper left shows correlation of E; with 7, expressed as # neutrons
Upper right is do/dE1 for minimum-bias trigger

\_dE,ﬁ.q.,_tV-‘), is 570 6eV +/- 10% for 2% most central

,__;;‘a M,)I— F ‘IS.C B;irish By v
PH-CEN e S og0 |

Particle Identification using Time Of Flight

Time of Flight array

» 1024 slats, PMT each end

» Covers 1 EMCal sector

» Presently <120ps resolution
~ Amplitude-slewing not

-

&
T

, 1 Charge * Nometum [{GaVi) 1]

corrected
. :

Ferbienly Charige Pursirle (afw-F6D vur] L urcal
8307238 Batne spben 10 15 in 23 30 35.40 46°% 83 g1
S L XeFmBcumat

ot Tracking system used for

momentum reconstruction

e e » Track association and momentum
[T resolution still improving

Resulting spectrum shows
» Both charge signs e/x/K/p
» Separation Yo ~2 &eV/c
» 6Good sighal/background!

K. Barish
UC Riverside
14 Oct. 2000
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Identified Charged-Hadron m-m, Spectra

o,
Yo

Lproton

baatesdas.
126445 08 1 2t te (a2

12 een 1 12 ts ol

»
L ¢(«.f
(3 t
"anﬂ—prolon1
t
Lobanst 2 TP TIPS BN IR | E
RO TR PR LI S [ R TR T T

Raw distrib lons, acceptance and efficiency corrections yet to be applied |

spectrum analyzed as
function of pair pr

Observe expected peak at n°
mass
» width all due to resolution
» centrold and width stable
with pr

250
2000
1501
1602
501

] Vﬂi\
\‘\

» magnitudes as d
from Mante Carlos study of
detector response using
PISA (PHENIX Integrated
Simulation Algerithm) and
HITING event generator

Can see pairs in RHIC Au+Au it |

L 1
0.1 0.2 DZ

'
ERE
Froiitaen s sl

0.6

700
600;
500
40
308

gl K. Barish
3 UC Riverside [~
14 Oct, 2000
70 Identification and pr
Two phofon |llVﬂI"Iﬂnf mass Tav.Hass (wsye<@.B , 2,0¢Pt<2,5) sk Postin and wHath

435 .‘

Future pr reach thus governed “’“} R T R
by statistics, i.e. il - II“J Il1 l]l i l
integrated luminosity 108 ¥ mm L
e ?.m"rﬁn-"n.g, Felords®
K. Barish
UC Riverside
14 Oct. 2000
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Pr Spectra of 7% and EM Clusters

Inclusive EM clusters
shown on left side

e VAR it Cros Sction
(“ﬂlmos'l' pho‘l’ons") 5 .: s, PRELMAY
Pr spectra of «° on £
right for minimum- %
bias collisions 3 H‘-;,*
» compared to E ﬂ'“é”

WA98 =? spectra | r{_'%

for 10% most F

central collisions T

Beearl Lot
D OS5 1 15 2 25 3 35 4 45 5
of-ra

» WAS8 is 17
6eVA Pb+Pb

» PHENIX inverse slopes larger, already for minimum-bias events

» PHENIX finds T=303 +11 (stat) + 67 (syst) MeV for 20 slope parameter
WA98 value is 180 MeV for low- pr, rising fo 260 MeV for large pr

K. Barish

R0 ———

Electrons via RICH

RICH for' elec‘l'ron faggmg
» Field-off runs, look for
converted y, results in 2
overlapped rings
» Rings and tracks found aligned
» Pulse height as expected from
test beam data with RICH

it ALK
S 1 15 N5 MW M oe B

K. Barish
UC Riverside =
14 Oct. 2000
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PHENIX Spin Readiness

Detector
Fully instrumented Central arm and South fAuon arm should be
commissioned before spin run
Trigger
Central Arms - Upgrade needed o do spin physics
EMCal based trigger made possible by EMCal Trigger Cards
RICH/EMCal trigger needed electron and hadron triggger.
Muon Arms - Low L era ok/ High L under study
DAQ
Should evolve 1o 12.5KHz for next year
Start Time/Luminosity Monitor Needed
‘Beam-beam good enough?
ZDC, MVD, or EMCal?
New large coverage counter?

K. Barish

14 Oct. 2000

w UC Riverside (=]

Year-1 of Spin

o= Full instrumentation at midrapidity

/ - full e, y and hadron program

South muon arm
=

K. Barish

14 Oct. 2000

UC Riverside ]
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nID Commissioning

Limited Configuration
* South Arm :
* 3 layers (out of 5)
= 29 channels/layer
(out of 634)

+  Chambers are working well
+  Hit rate is consistent with simulation

l—-—Taacks-Tre reconstructed

i — K. Barish
i pvw— — UC Riverside =i
14 Qct. 2000

MVD installed July 13, 2000

Silicon strips and pads
Centrality selection and
event by event fluctuations
-2.5<dN,/dh <25

Several MCM’s put into main data
Stream at end of run

K. Barish
UC Riverside [~
14 Oct. 2000
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Trlggerlng Needs

The PHENIX trigger was designed for Heavy Ions:
» For Heavy-Ion, data reduction done in Level-2
s =200 GeV,
¢ =6barn, = Raw Rate =12 KHz
L =2-10* cm?st

» But in proton-proton interaction rate will be high
Js =500 GeV,
¢ =60 mbarn , = Raw Rate =12 MHz
L =2-10" em?st

» Expected Level-1 DAQ Bandwidth is 12kHz ‘
» Need fo be shared among 10 different physics channels
- A rejection factor of 10,000 is needed in Level-1 to fully utilize beam

K. Barish
= UC Riverside m
14 Oct. 2000

EMCaI Tr'lgger

s/s—ZUOGeV «° trigger eff(mency

Threshold on EMCal can be used o4 JJ J‘lf e 3
to trigger on high p; photons 02 e

Gnd elec’rr'ons. A R S 20(32\;755
4X 4 overlappad

efficiency
°
o

16ev/c tr, 3
2avse ., J

106ev/c .

3

) L I L 1 1 ] L Lisad
.5 5 10 12 7. -5, 2
2, 5 735 28151 5%9(&%?/;

B oer
0.023Hz| 0.0015Hz
0.023Hz| 0.0015Hz
0.79Hz| 0016Hz
0.44Hz| "0.008Hz
K. Barish
UC Riverside
14 Oct. 2000 r

225




T o S SR LN o

70 and direct y Production

| 2 0.04 — GusMo(NaGatTL | ! LE
oos | EEMEHEAR
002 E i E
0.01 NSy sy
Y | ]
—~0.01 F % Staotistics for 32pb™ 4eectors i E
- ] . 1 ] | ]
0.02 0 2 4 & 8 10 12
p; (GeV/c)
7° Asymmetry
0.
F Al JARAERRInS RS PR '
015 F —— csg5hL0 (B) 46-1.63
0.4 E — csssN0 () aem12
0.05 e
0 + |
-0.05 4 Stotistics for 320p6™ I 3
~0.1 1 i i 1
A1) 5 10 15 20

25 30
or (Gev/c)

/5= 200GeV
) Errors an
Photon pr Yield A AGIG
10 - 15 GeV/c | 100000 | 0.0062 0.046
15— 20 GeV/c | 13000 | 0.0168 0.088
20~ 25 GeV/fc | 2700 | 0.0376 0.171
25 - 30 GeV/c 590 | 0.0798 0.369

K. Barish

= UC Riverside
14 Oct. 2000

EMCal and RICH
detectors can be
used to form a
powerful central
arm electron and
hadron trigger

EMCal

K. Barish

UC Riverside [
14 Oct. 2000
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Electrons

¥

ansideed .

K. Barish
- UC Riverside =]

14 Oct. 2000

Heavy Flavor Spin Physics

. v - -~ st B :
b w_‘t:""":ﬁ}m;a H i . eom fﬁl e . Boaep .
F T - pe 3 R IedrediatGey © pdstrempGay
e - Ty, P [ it
I Singlee : ) - : o
‘?am ’ “oan
[ == g o
[ e 320 plit Y
el o * e
L ) ) PR
o ’
After MVD cut E
ST s o
T 15 2. 2x . % o2~
asasf anale .
F e Lk exp. riialt
b3 T a08[~ L
E — il 5 8
<. T N
- T ossh =
“ aaf- | .
N 42} 420 pb" ew concidance
i 2 e o8
IJ)X'; F20 i

K. Barish
UC Riverside ]
14 Oct, 2000
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Heavy Flavor Spin Physics

HeavymFlav.orp
Production: E‘

]
:g 0.9
— Elos
ko & c o _2lGdv
a
Blod
e AG(x,) ® AG(x;) ® g é " \ 50%
Glx) ~ GG) AN
. E o4 Charm
Tag as: single e, e-mu, e-D coincidence 2P \
el
Most Events Below 2 GeVl . . 10%
For [diL. =32p5™ . —
1. 14 EEY LE)
6.8x10% fromce : Eleciron Mcmentum 1Gev3 ]

0.6x10°% from bb
with p, >09GeV

K. Barish
% UC Riverside =~
14 Oct, 2000

P RS

Triggering on Hadrons

i . Mulﬂpllqmes__ ! TE-"? I
ey : . r - Efficiencies = . * &
e S, ! L PR
wlen _..-:'.. : nl:‘_"- h h ’ ’_ J
.. ..'u " ET:’— N '{
cegimgnne % | e
; i o k] L By o _performed by
i - — e o hpdhos B Lillle and
Rejection Power, | ° 7 AN I . Xie
N B venereetiy, !
, ) . E."_* . 5
P 1 .
w'h . . L Bias in z
. S :
w - M 5§ -
. i
. : Ll i a2
D R T T S R T A ! F .
- e o WSETEEEERLED
K. Barish
UC Riverside e
14 Oct. 2000 | |
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S

o . 0.1
Trigger Requirements: ?
0.05
Jets with high z pions: o
o High EMC Multiplicities O g
at low threshold 6595 NLO (A}
o RICH hit 2o pr———
’ oos |0 2
o an Tl "-‘-"""'
—005 I R R T )
e (GoV/c
6595 NLO {B)
e m TErTTeTT LAARLALAL AEAR 1AL S
—_—
oos | TR
o
Simulations performed by Y. Goto =038 fpeh
6595 NLO(C) ¢
K. Barish
UC Riverside (a1
14 Oct, 2000

Transversity Measurement

Trigger Requirements:
Jets with high z pions:

A, o High EMC Multiplicities
at low threshold
o RICH hit
Projected Asymmeiry
§ uf ,.
§ o058~ . .’ .
113 N
[ omsf . e * .‘ $ - + .
oof © Statistical errars only
N T R S
‘______. Talk by M. 6rosse Perdekamp
B g o ) K Barish
) ¢ UC Riverside =i
7 Oct. 2000
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Trigger on Muons

-« Required rejection factors:

200
500
500

‘e Estimated rejectii
= -

185/55960
194759960 975

K. Barish
UC Riverside
14 Oct. 2000

Single p

Yield per1GeV

[ .'pT o.f,:sin"g(le.mddﬁ.s. ]

3o B ofmuonsin gevil  [PF7 [2GeVic|4GeVid|6GeVie
charm |4x10° |6x10* |2x10°
84, |10°  |0.01  |0.05
bottom [4x10° {2x10° |2x10*
84, [10°  |4x10° |0.015

K. Barish
UC Riverside o]
14 Oct, 2000
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Flavor Decomposition by W
1.0 N T
. = =
Muon with p>20 GeV/c ER vt
dominated by W >
05 $AL(W™) /1
w- 1 = ]
acceptance for muon wf pp > 20 GeVje 1% 4% gt 4
yield (both muon arms) 5100 5600 ="
AAy (statistical only) % %% o P il S
rapidity average 0782034 071041 S
bockground from Z-decay T095(21.5%) 984(17.6%5) %%
NN
—0.5f A/ \A}/ 4]
0% M} \( ]
—neee GSOSLO(A) N\
BS(Ag=0)
-1.0 1
162 10t
X
K. Barish
= UC Riverside =]
14 Oct. 2000

Conclusions

This is a very exciting time

Spin run
» South p arm currently being

addressed

2001 polarized proton run

» Year 2000 Heavy-ion run smashing success
» Central arm tracking electrons will be complete for 2001

installed

» Trigger system undergoing upgrade for spin physics’
» Remaining spin-specific detector/software issues will be

PHENIX will be ready to take advantage of the Year-

» Expect to make AG measurement in n° channel

K. Barish

UC Riverside [«
14 QOct, 2000
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The STAR Level-8 Trigger System - Year 0 Experiences

Jens Soeren Lange (Frankfurt University)

Abstract

The level-3 trigger system at the STAR experiment performs full online event reconstruction for
Aut+Au and p+p collisions at RHIC, using processor farms of 432 Intel i960 processors for xyz hit
determination and 12 (later 48) ALPHA processors for track finding. Moreover, the system provides a
hard- ware-accelerated event display, which has been used about 1.5 million STAR events in 3 months
data taking. As a preliminary benchmark, high multib]icity central Aut+Au events (130.000 hits, 6000
tracks) could be reconstructed in t<160 ms (including online dE/dx). For the next years, several trigger
on rare events are proposed, such as heavy fragments (e.g. anti-alpha), high-pT hadrons (hard
scattering) or lepton pair production Jhy et¢ andI] eve).

AR RN
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The STAR Level-3 Trigger
Year-0 Experiences

Jens Soren Lange
(Frankfurt University)
for the STAR L3 group

« Whatis L3 ?

- Year-0 experiences

- L3 cluster finder
- L3 track finder
- “real” Year-0 L3 Triggers
- z vertex in central Au+Au,
- cosmic reject for peripheral Au+Au

- some L3 events:
pile-up, beam-pipe interactions, jets ..

- Year-1 prospects
(what about 1.3 + pp/spin ?)

-L3+ EMC |
- pile-up filter (raw data reduction)

Jens Soren Lange The STAR Level-3 Trigger - Year 0 Experiences RSCKyot0,10/14/2000
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STAR L3 Group

Clemens Adler, Jens Berger, Thomas Dietel, Dominik Flierl,
Jens Soren Lange, Reinhard Stock, Christof Struck

Univ. Frankfurt
Pablo Yepes, Martin DeMello
Rice Univ., Houston, Texas
Tonko Llubicic, Jeff Landgraf, Mike LeVine
BNL DAQ group
John Nelson
Univ. Bifmingham
Jan Balewski
Univ. Indiana
Dieter Rohrich, Anders Vestbo

Univ. Bergen
Ayé Ishihara, Joe Schambach

Univ. Austin, Texas

Jens Stren Lange The STAR Level-3 Trigger - Year 0 Experiences RSCKyoto,10/14/2000
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. existing DAQ CPUs for (online) cluster finder
. fast CPUs .

ALPHA 466 MHz
(faster than same clock Pentium factor ~1.7)

12+12+412 41

. fast network

MYRINET

R< 74 MB/s (32 bit)
R< 90 MB/s (64 bit )
for Au+Au track data, for p+p hit+track data

ransfer rate (12 x s13 -> gI3)

12+12+12+2 PCI adapters (ALPHA)
12 PMC adapters (VME)
different from GB eth:

data transfers = DMA (background)
(CPU usage <12%, free for track finder)

Jens Stren Lange ‘The STAR Levei-3 Trigger - Yenr § Experiences RSCK;

5

i

Experiences in Year O

« 1sttest in 03/00: find cosmics in L0 random «
« L3 running permanently for event display
42” plasma screen, 3 months, ~1.500.000 events
L3 Cluster Finder

. CPU: 432 x Intel 960/ VxWorks
(existing DAQ mezzanines)

. fast algorithm:

2—dim 1-dim

> deconvolution ON (CPU time At+=6%)

. timing: t=17-32 ms / ~130.000 cluster

Jens Stren Longe The STAR Level-3 Trigger - Year 0 Experiences RSCKyuto,10/14/2000
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Experiences in Year 0
L3 Track Finder

. CPU: 12(36) x ALPHA 466 MHz / Linux
algorithm: conformal map NIM A 380(1996)582

. vertex-constraint
conformal space yes, real space no
(-> find all secondaries)

timing:

t=130 ms (Au+Au central, 2 TPC sectors)

m:E.mE tracks OK (see B=0 events at Yoeam=30)

dE/dx truncated mean (t=8 ms VENUS)
straight line approx. across pad

floating point exception (tan A>1) “blocked”
> no DAQ crash

App/pr~1% (FWHM) @ pp=500 MeVi/c

Year 0 magnet @ half field B=0.25 T
less curvature, shorter track length, more ExB distortion
rule of thumb: Apy/pr ~ factor 2,

ALPHA temperature goes up AT=3 K

. ALPHAS survive power dips
(e.g. thunderstorm 09/02, 13:32, RHIC outage)

Jens Séren Lange The STAR Level-3 Trigger - Year 0 Experiences RSCKyol0,10/14/2000

Experiences in Year O cont’d
Global L3

- timing (Au+Au central)

=13 ms

t=23 ms + track ID assign to cluster
=44 ms + fill histo '

=129 ms + track merging

=155 ms + helix extrapolation to DCA

lication #1: z vertex tri
(central events in TPC cenier)

Rinput ~ 8-12 Hz @ ZDC rate 75-140 Hz
L.3 yes/no: | Zyenex | < 80 cm

rejection factor ~2
~ 3 days, ~ 100k events

Application #2: xyz vertex + nTrack trigger
(cosmic reject for peripheral Au+Aun)

Rinput < 50 Hz (topological L0, no ZDC)
1.3 yes/no:
N<m§wx» v\<m2®x < _.m cm, N<m_.~mx M N m, Z:.mnmm m HOO

rejection factor ~20
~ few hours, ~ 20k events

Jens Soren Lange The STAR Level-3 Trigger - Yenr U Experiences RSCKyoto,10/13/2000
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- pp pile-up filter
TPC 40 ps drift @ high luminosity Pp:

Vs=500 GeV, ~700 bunch X, Ny, ~2000

idea: don’t tape ADC raw data of unwanted tracks
(zpca cut, helix -> EMC match)
filter: developed + MC tested (J. Balewski)
technical implementation:
difficult, requires backward mapping
(track -> hits -> clusters -> all ADC values)
estimate 1 maneyear
casier solution:
don’t tape L3 hits of unwanted tracks (on gl3)
(i.e. don’t tape any ADC raw data at all)

but: are L3 hits good enough ?

> hit comparison L3 vs. offline (>70% Enm Az<200 pm)
> L3 hit “gap” @ z=0 gensitive to wheather

Juens Séren Lange The STAR Leve)-3 Trigger - Year 0 Experiences

RSCKyoto,10/14/2000

L3 and pp/spin ?

- L3+RICH
L3 helix extrapolation v/ (RICH online event display)

- L3+SVT (work in progress)
different L3 cluster finder (bi-polar in 7 direction)

« L3+EMC = extra L3 tasks/CPUs

e EMC cluster finder (but only Z::mZOzwo\oésc

® Ipca
o helix extrapolation TPC track -> EMC surface

- L3+L0+TPC

i.e. what happened on 09/03 ?
(Dave Underwood’s email to starspin)

Au+Au central, typical LO R~4 Hz

begin of spill, L3 z vertex cut switched on

if L3 no > event not taped

DAQ busy released earlier

next LO earlier (rejection factor ~2, L.O R~8 Hz)
gating grid opens more frequently

TPC charge goes up ~ factor 5

TPC experts (already) worried

(space charge, anode aging)

> What about higher L0 rates for %E\.Eu ?

Jens Sbren Lange

The STAR Level-3 Trigger - Yeur 0 Experiences RSCKyoto,10/14/2000
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STAR LeveEL~-Z
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rigger on Event Vertex Pos

z=200cm 0 z=-200 cm
! l : |
T 1

- STAR LBVEL~2 BEAM~PIPE Bm—lw

|

rejected
Izl > 75¢cm

triggered

Izl < 75¢cm

Jens Berger STAR Collaboration DNP 2000
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(Sfane)
L3-Tcl Matching

Tcl clusters found : 51123
L3Clufi clusters found : 49631

Loop over Tcl clusters and find match in 3 cm

spacial distance -> found matches ¢89%"

decon g tubmy
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Short comment

A.Ogawa
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Coherent Interactions

strontg source of fields " EM field

Colorless strong force field
(mesons/Pomerons)

2 y20rd/3
L,yipy<cZ°4

Low multiplicity =2, 4 or 6
Low p, <1/R=30MeV
Energy Ef"’“x <y/R=3GeV |

Exclusive reaction

. Large Impact parameter

Summer 2000 STAR trigger

LO .: . Look at CTB/ZDC at every bunch crossing ~ 9M Hz
&TB worked fine resolution down to 1 MIP

Flexible DSM Topological cuts/coincidence/vetoing

CTB North-South coincidence Require back-to-back A
with 0< ADC <4 MIP each low multiplicity

CTB Top & Bottom veto Cut cosmic

Software “discriminator” Avoid triggering on tail

Close to “Jet trigger without EMC” for early spin runs

L1/2 . Abort events before/during TPC digitization Not yet implemented
L2.5 (abort after TPC digitization) has been tested

L3: Full track reconstruction, vertex finding & more

Tracks go closer than 10cm to beam Cut cosmic
Tracks go cross beam at |z < 2m Cut beam-gas
# of “good” tracks < 15 Cut beam-gas/pile ups
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ESTAH

Chamber: West

Trigger Detectors
. Multi-Wire
MWC)

Multi-Wire
Chanber: East
(MWC)

A
AT
Zerp-digree
Calorimeter: West
{ZDC)

Zero-degree

Calorimeter: East
(ZDC) \Y

Level 0 Analysis

EMC will be in
the same tree
once instaled

sipehindsy




Au+ Au—> Au+ Au+p°
'~ event candidate
rgutaken 2000 summer
~ (rate stress test)

Pt=25MeV

il =7 16Mcv
LO-DAQ worked >50Hz T

Topological 1.0 trigger

(CTB North South coincidence
+ multiplicity cut)

N | 20~30Hz

Trigger -DAQ - tape(HPSS) worked at
~30Hz

L3 reconstructed tracks
(for low multiplicity events) at >50Hz
L3 redu_ction to
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Short comment

H.spinka
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Polarized Jet Target for Absolute Measurement
of RHIC Proton Beam Polarization

T. Wise for the RHIC Jet Polarimeter Group (Uhiversity of Wisconsin, USA)

Abstract

We will discuss the design of a polarized atomic hydrogen jet target, combined with a polarimeter
("Breit-Rabi" polarimeter, BRP) that will measure the nuclear polarization of the atomic jet to 2% or
better. This target is to be used for an absolute polarization measurement of the RHIC proton beams.
This absolute measurement can be used in turn to calibrate a secondary polarimeter reaction. The
status of the design work of the atomic-beam source (ABS) and the BRP will be presented
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ABSOLUTE POLARIMETER FOR RHIC
T - Wise U, u‘ Wiscomsin

*PROJECT IN EARLY STAGES OF DEVELOPMENT

* POSSIBLE MAJOR CONTRIBUTING INSTITUTIONS

# OF PHYSICISTS(?)
UNIVERSITY of WISCONSIN 2
INDIANA UNIVERSITY -- IUCF 1-2
MIT -- BATES 1
V. U. AMSTERDAM 1
BNL --ACCELERATOR DIVISION >2

* NO FORMAL COMMITMENTS HAVE BEEN MADE AT THIS TIME

X
;
23
ke

PROPOSED METHOD

* USE RHIC PROTONS Ozﬂgmq TARGET

* OBSERVE LOW ENERGY ELASTIC RECOILS NEAR 902 IN LAB
WITH VERTICAL TARGET AND VERTICAL BEAM POLARIZATION

« REACTION omomwm,wmojoz\\\ﬁ\\:\!v Sanme Ay
o,@)1t m\»\w ©®)cosd +QAT (6)cosd
+(A,©) sin 20+ \(avoo%efw@v

0 unpolarized cross-section
A, B) analyzing power y
® beam polarization X
DY target polarization

A.B) A,©) spin correlation coefficients

« USE SILICON DETECTORS TO COUNT RECOILS

- RECOIL ENERGY FROM ~0.5MeaV TO SEVERAL MeV..

- INTEGRATE OVER 6, ¢ ACCEPTANCE OF DETECTORS
Tyl +®>w + Dv\f_ (ALt \m{v@@w

« WE EXPECT Ay = 0.03 OVER 902 < § <87°.
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BASIC CALIBRATION CONCEPT

O {l + 57+ O,A, HAAATEY)
1) MEASURE TARGET (Qy TO = 2% ABSOLUTE

2) COLLECT DATA WITH UNPOLARIZED BEAM, POLARIZED TARGET
(Py=0, Qy=t1) TOMEASURE Ay.

Y, =1t€,0,{1 +»Q¢N¥w yield equation for left detector

Yer -
3) COLLECT DATA WITH POLARIZED BEAM, UNPOLARIZED TARGET

ANUV.HH.__ s@v.HOv
Y, =1tg,0,{1 +P A} yield equation for left detector

Yes ...,

4) USE Ay TODETERMINE Py FROM #3.
\NJH %Nb\f CeuvwonT
NW - NWQ?%?A\ .&\\hﬂ%\;hu
Mh > mqﬁ%no,?o\ Q\ [ olefecte

z

ACTUAL PROCEDURE

USEx Oy ANDx Py = 4 POLARIZATION COMBINATIONS AND 8

SILICON YIELDS. IN RAPIDLY ALTERNATING CYCLE

%:4

MMZ = Nimbqoﬁ + +w1lf t @‘Mw + AN.;+ Nﬁvﬂ @@

= 18,041+ PA, + 0, + (A A,) R0

: M\a [n = N«meo.c {1+ ﬂxf +©h>‘< t(ALT }qv\wh&w
SIX UNKNOWN TERMS:
k»‘c EvER
P1 It/
P
Ay

EIGHT EQUATION AND SIX UNKNOWNS.
SOLVE FOR ALL SIX USING METHOD OF DIAGIONAL SCALING

METHOD DESCRIBED IN
H.O. Meyer,Phys. Rev. C 56, 2074 (1997)

DURING DATA TAKING CAN SIMULTANEOUSLY RUN THE CNI CARBON
POLARIMETER TO CALIBRATEIT
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RATE ESTIMATES

EXPECTED JET THICKNESS 3 X 10" Hicm?.

MODERN ABS MAKES > 6X10® ATOMS/S AT THERMAL VELOCITY OF
24108 cm/s INTO 1 cm DIAMETER APERTURE -

o= 80mb
] =50 mA v ~35 Hz
Ap=+18° (10% of ¢ )

2x10% counts in 16 hours

AAy/Ay=0.02if Ay =~0.035,

_
i
|

OVERALL LAYOUT OF JET TARGET

A sweos

E _M_ MAGNET #1
_ r\\l — OPTIONAL

BEAM = Wi >mm

B TRANSITION
Ellll SIX-POLE
MAGNET #2

ISOLATION VALVE

{ P~ RFTRANSITION i1
i feEie]

"~ FF TRANSITION t2
™

|  ..4 .* 4 %
cAvorAELS— | :\_\m:m_ | Lill-sxpoie

il macEr
43

psa | AF TRANSITION £3

BLOCKER i

e BRP
RF TRANSITION #4
Eezd)
BEAM J
BLOCKER E D T SXPOLE
MAGNET #4

o s S OMS WITH
WHEEL GHANNELTRON

FHIC BEAM

A more detaied proposal for target region follows

Inthis (HORIZONTAL) view silicon detectors are into and out
of page.
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RF
TRANSITIONS

THIN VALVE
EXIT APERTURE

—_—
RHIC BEAM

CRYO-
PANELS

z ATOMIC

6 200mm voromﬁuﬂqmm

CHAMBER ALLOWS LARGE 8 AND ¢ VIEW OF INTERACTION REGION :
£35°IN BOTH 6 AND ¢. '

9000 LITER/S (geometric pumping speed)

POLE TIPS CAN RETRACT for unequal species operation of ring.

BEAM - TARGET - DETECTOR
INTERACTIONS

1) BUNCH FIELD DEPOLARIZATION OF JET

2) GUIDE FIELD UNIFORMITY REQUIREMENTS

3) DEFLECTION OF LOW ENERGY RECOILS IN GUIDE FIELD

4) BACKGROUND GAS DILUTION OF JET-- FAST PUMPING REQUIRED
5) APERTURE REQUIREMENTS vs MAGNET GAP

6) SMOOTH BEAM PIPE REQUIREMENT

7) WEAK COMPENSATING MAGNET(S) MAY BE NEEDED

mv m&ng\\.\: mvfmxvr\é &> 5 cleifectors
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GROUND STATE ATOM PROTON POLARIZATION

._ENERGY LEVELS : :
“ 2 W 0.5 4
EIAW o : m ow- S : RESONANCE DETAIL NEAR 100 mT
/ 3 2 A 8 * 3-4
7 4 6 & 1 _ ) 100 1 \ /

B in units of 50.7 mT 0001 001 01 1 10
B in units of 50.7 mT
50 1 \x\\\.\\\\\ﬂ
+ ATOMIC BEAM SOURCE DELIVERS AN ATOMIC JET IN STATES . 1-2
1+4 OR STATES 2+3. ALTERNATE RAPIDLY (<100 msec.) - 0 105 215
BETWEEN THESE CHOICES. ’ :

B in units of 50.7 mT

+ RHIC BEAM IS BUNCHED AND IS A SOURCE FOR RF IN )
MULTIPLES OF 10 MHz. (UP TO 1 GHz) * -2 AND 3-4 LOCATIONS "SLIDE" IN OPPOSITE DIRECTIONS

. . DEPENDING ON PRECISE BUNCH FREQUENCY.
« THIS RF WILL INDUCE TRANSITIONS BETWEEN H ENERGY ;

LEVELS AND DEPOLARIZE THE JET WHEN i * GAP BETWEEN RESONANCES COULD BE 1/2 THAT SHOWN.
AE=n*10mHz*h .
. * GUIDE FIELD MUST BE UNIFORM TO < 1/4 OF aB.
RELATIVE STRENGTH OF ,

BUNCHFIELD RESONANCES HARMONICS ' *AB/B=63x10 atB=0.1T.

0. i

300 N_“ .Wm.ﬁ“ et e S [
i B T =i VERTICAL JET AND VERTICAL POLARIZATION REQUIRE A 12mm

] _ B s W 1 R P O HOLE IN POLE TIPS FOR JET.

2004 m_ T n / = i ! :

150; LE R e CAN BOTH REQUIREMENTS BE MET?

1004 . saa,, . xw-a had a Ny “ ” _. w i :

HHHE il

-2 e -~ e 0 L] e
N ; ;

B in units of 50.7 mT Above by Roser and Mackay, BNL

s
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CONSTRUCTED A PHYSICAL MODEL FROM SURPLUS MAGNET

B

-
- [
p——

=

(

NO CORRECTION

1025

FLAT POLETIP

1000

975

1
V]

o
]

Z, mm

B=0.1T

GAP = 25MM

HOLE = 11MM

COIL POWER 112 WATTS

WITH CORRECTION

1.4mm LIP
1050

AB/B=.0063

B 10254

1000 .

B@x=y=0
B@x=0,y=F5mm

Z,mm

MAGNET EASILY SCALED TO FULL SIZE

LOW ENERGY RECOIL DEFLECTION

IMPULSE APPROXIMATION

Ap, HT%H @.—wn_x

FOR THE PROPOSEDMAGNET | Bdx=4.2X10"* Tmeter

V in Volts, B in Tesla

S:ou@n ve/2mV .Tw&x

P
ENERGY TAN 8 AZ AT 1 METER
0.3 MeV 0.053 53mm
0.5 MeV o.oﬁ. 41mm iy
5 Mev 0.013 13mm

-
—-——
P

[ —
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MEASUREMENT OF JET TARGET POLARIZATION
WITH ATOMIC (BREIT-RABI) POLARIMETER (BRP)

N4

SIX-POLE #1 /mn,m_ ABS

SIX-POLE #2 /mm

Dmﬂﬁ)Zm_._._OZ%._

Em:._oz #2
SF 2c2a

gl e
_ %E HWH&I»,Zm_._._OZ&m

=——1 RF TRANSITION #4

i &=

SIX-POLE #4] B

CHOPPER — " qafe—I— aQMs WiTH
WHEEL CHANNELTRON

RHCEEAM i 1

SIX-POLE #3 7

Zla

e

BRP REJECTS STATES 3 AND 4 THEN MEASURES TWO BEAM INTENSITIES

.

L B _A-B

A

>HZH+ZN

Y —_——

ABS WITH NO RF TRANSITIONS ON
MAKES A BEAM WITH STATES 1+2.

NOTATION [N
ABS STATE "A* _Zm_

0
0

FOR Q=+1 THE 2-4 RF TRANSITION

IS ON BUT EFFICIENCY IS ~85%.

ABS STATE "B" _x N; )
e=.05 oM |
NEED TO 0

MEASUREe. \(1-&)N,

B=N; +&N,

e

B
A

IN PRACTICE THE MEASUREMENT IS MUCH MORE COMPLICATED,

20 INTENSITIES GENERATED BY 11 UNKNOWNS ARE MEASURED.

A CALIBRATION PROCEDURE CAN BE DONE WITHOUT RHIC BEAM.

AR AT TRREF o avarrmr—s =+

5
b
%

1y
CONCLUSION

-+ JET POLARIMETER ALLOWS ABSOLUTE CALLIBRATION OF RHIC

PROTON-POLARIZATION TO 5% OR BETTER IN 24 HOURS.

= NO DEDICATED UNPOLARIZED RUNNING IS REQUIRED AND
CALIBRATION WILL INTERFERE MINIMALLY WITH RING OPERATION.

*VERTICAL JET DESIGN ALLOWS LARGE 6 AND ¢
DETECTOR ACCEPTANCE.

« BEAM TARGET INTERACTIONS ARE MANAGEABLE.
. Mook &&.V! stody fno Se
. A w it ron th@f& n22eld .
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RSSO

Beyond Standard Model Physics at RHIC

Jiro Murata (RIKEN)

Abstract

One of the most vital tasks of an experiment using a polarized hadron collider in a new energy
region must be a study of physics beyond the standard model. In the last few years, several theoretical
articles have been devoted to the study of (1) quark compositeness and a contact interaction, (2) new
gauge bosons Wt and Z, and (3) CP-violation. In the theoretical work [1,2,3 ], it is shown that RHIC
can reach a similar sensitivity for the TEVATRON, due to its polarized beam. The purpose of the
present study is to explore the discovery potential for physics beyond standard model, from the
experimental perspective. In order to study a physics sensitivity and to determine a search window,
event generator based simulation studies are indispensable. A lot of non-standard model scenarios can
be examined using PYTHIA.

A contact interaction, phenomenologically introduced as a “residual interaction” which originates in
interactions between quark-and lepton-subconstituents, is included in it. However, as same as for all
other sub-processes, PYTHIA includes only helicity averaged cross sections for the contact interaction.

The author developed a plug-in program “POLEYOND” for PYTHIA by which helicity- dependent
matrix elements and spin asymmetries for Drell-Yan and quark scattering process can be examined.
Fig.1 shows the expected single spin asymmetries

A={oO) - M {cOre B}t @

at RHIC («/§ =500 GeV) in p*u” pair production assuming full acceptance and detection efficiency.
The results were obtained for various A,which is a model-independent scale parameter of the contact
interaction, defined as F (Q2)=(1 +Q 2/A2)? ,where F (Q2) is a “form factor” of the quark or lepton.
Helicity-dependent matrix elements including contact interaction terms were obtained by crossing the
electron quark scattering formula shown in [4], from s-channel to t-channel. Final hadronic spin
asymmetries were estimated using a weighting method. The weight factor consists of partonic-level
helicity-dependent cross sections, polarized and unpolarized parton distribution- functions. The event
generation was controlled by the unpolarized sub-processes, which are already included in PYTHIA
for fermion pair creation via ¥*/Z production including contact interaction effects. The present result
shows that we can expect to observe an anomalous parity violation if A~1 TeV , however, at least the
realistic acceptance for a detector should be considered in order to predict more accurate search limit.
Furthermore, a full detector simulation is also possible using PYTHIA POL BEYOND.
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{PYTHIA«POLBEYOND Ot 00 Jro Murata)

Farity Violation in Jat Production by Contact Interaction at RHIC
g 01 g 0

0.08 008
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g 0 oG 156
P {GeVR)

Figure 1:Single spin asymmetries Aw are plotted as functions of Drell-Yan Mass with selections
of A =12 .8 4,5 TeV and for the case of the Standard Model ( A—>0) obtained by PYTHIA
POLEYOND. Present results are for the reaction of pp—p*u at +/S =500 GeV, with a

constructive

interference between the Standard Model and left-handed éontact

interaction.GS-95 NLO-A is used as a polarized parton distribution function.

Although Drell-Yan is a clean process, other
processes, which have larger cross section,
must be studied. It is because the present limit
is considered as A 3 TeV from TEVATRON,
atomic parity violation experiments, etc. For
this reason, parity violation in jet production is
also studied, as shown in Fig.2.From this jet
study, it is shown that we can reach above 3
TeV sensitivity, which is higher than the
current limit of 2.7 TeV, within original
/S =500GeV with 800 pb™ plan. Here we can
also see that by the energy and luminosity
upgrade plan which is now under discussion,
the sensitivity must be improved in order of
magnitude. Indeed, it is also shown that the
sensitivity limit can be above 6 TeV by the
RHIC upgrade. We note that the cbhservation of

an anomalous parity violation would directly
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indicate the presence of new physics.

rET Yy

- 002
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-0.02

0.4
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0.08 1 L 1 ! ! ! (N )
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Mass (GeVi’)
Figure 2: Parity violating double spin

asymmetries A} are plotted as functions of
Jet P t for /S =500 GeV with 800 pb! and
/S =650 GeV with 8000 pb™.



| [1 ] P.Taxil, Nuo.Cim.Vel.16,N 11 (1993); P.Taxil and J.-M.Virey,Phys.Rev.D 55 4408 (1997)
. [2 ] P.Taxil and J.-M.Virey,Phys.Lett.B 404 302 (1997);441 376 (1998)
[3 1 V.L.Rykov,hep-ex/9908050;S.Kovalenko et al.,hep-ph/9912529
[41J.-M.Virey,Eur. Phys.J.C 8 283 (1999)
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How to Simulate

| i = Theory
[ Event Generator (PYTHIA) } Model , GOD
i - : i @ \
particle A
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/—-| lug -In (POLBEYOND)

Matrix Elements
(Helicity Dependent)

Standard Model, Contact Interaction '
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Matrix Elements to Asymmetries

§
! e ——
Total Partonic Cross Section M =(40,) =ZI My
. aﬂ
Total Hadronic Cross Section oMt =Y gMh @ghgl
A2y

Analytic Asymmetry (sum over q) and Weight Factor in Event Genemtor

—pr O.—Fﬁo.ﬁ
Ay =
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Drell-Yan Type Formalism

eqg—oeyqg

Crossing
Calculation for HERA by 1.-M.Virey | E '

q[; —~e'e
Calculation for RHIC
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Helicity Depending Matrix Elements for
Y, Z, v-Z interference

CI, v -CI interference and Z-ClI interference
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Event Generation Results

, Mass Spectra CDF DY Data
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PYTHIA ONLY V. Barger et al;
Constructive Interference (g =1) Phys. Rev. D57 (98) 391
MSTP(5)=4 all quarks are composite
KFPR(165)=13 CI goes muon channel . 1/
Pure Left-handed (Small Effect) Dominant Term “/Al
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Required Integrated Luminosity
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Parity Violation in Jet Production by Contact Interaction at RHIC

(PYTHIA+POLBEYOND Oct 00 Jiro Murata)
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Discovery' Limit on Jet Production
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SUSY, String (Es) -> additional U(1)" -
CI and Z'is similar a.C.C" .
(Model Dependent) e A
Mz’>690 GeV, Mw'>720 Gev —M3

€
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Matrix Elements
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99 247
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WZHT 7 70, 270, W
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Quark and Lepton Compositeness,
Searches for

Scale Limits A for Contact [nteractions
{the lowest dimensional ions with four fe

If the Lagrangian has the form
= o PomdLver vy

Summary

Siasnne RN

FinaphaeEE R e

Procedure of including polarized
BYSM effects into Pythia has been
established.

Obtained DY Mass dep. of
Asymmetries, Pt dep. Jet
Asymmetries were obtained.

CI in DY need huge luminosity
(Sufficient for pol-PDF study in SM)
CI in quark sector can reach

N ~6TeV with 8000pb-1, 650GeV
upgrade.

Including new gauge bosons Z',W’
is also possible for DY and Jet.

By the UPGRADE, WE CAN BE A
VERY HIGH ENERGY FRONTIER !{1

10/14/2000
Jiro Murata
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(with g2/4= set equal to 1), thea we define A = l\fL. For the
full definitions and for othe forms, see the Note in the Listings

on Searches for Quark and Lepton Compositeness in the full Re-
view and the original literature,

Afleeee) > 35TV, CL=05%
Af(ecee) > 3.87TeV, CL=095%
I\Z'L(eauu) > 45 TeV, CL=95%
Al (eeup) > 47 TeV, CL = 05%
Ajleers) > 3.9TaV. CL=95%
A (eers) > 40TeV, CL=195%
Af(ceer) > 53 Tev, CL=95%
[1(1433] > 55 TeV. CL=95%
Affeeqq) > 5.4 TeV. CL = 05%
Al (eeqq) = 6.2TeV, CL = 05%
Af(esbb) > 56TeV, CL=05%
A {eebb) > 4.9 TeV, CL = 95%
l7 I\‘Z'L(mtqq) > 2.9 TeV, CL = 95% ]
A (uieaq) > 4.2 TeV, ClL = 95%
Af(verene) > 3.1 TeV, CL = 50%
Af(qqqq) > 2.7 TeV. CL = 95%
Aflagqq) > 2.4 TeV, CL=95%
I\'{'L(uuqq) > 5.0 TeV, CL =95%
AL lvrqq) > 5.4 TeV, CL = 95%
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Summary of Previous meeting (Aug 3rd)

S.Vigdor
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meeting concluded by enumerating many areas of agreement between the two groups, which
should lead to a joint polarized beam use request fof year 2:

¢ The chances of a healthy and productive RHIC spin program are greatly enhanced by
coaperation among all the interested groups.

Sufficient polarized beam operation will be needed in RHIC year 2 to permit commis-
sioning of polarized proton collisions, systematic studies of CNI polarimeter operation and
reproducibility, studies relevant to calibrating other systematic errors discussed above, and
production runaing with both longitudinally and transversely polarized beams. It was es-
timated that 10 weeks of running would probably be needed to accomplish all these goals,
but a detailed time request must await further werk sublined below.

The deployment of all four Siberian snakes for the year 2 ryn was strongly endorsed, as it
provides the flexibility to meet needs of all the interested experiments.

Some of the engineering run goals outlined by Vigdor should be accomplished during the
anticipated September 2000 polarized beam commissioning study within the blue ring
Therefore, a more informed decision regarding the optimal breakdown of requested time
among the goals listed. above can be made after the Sept. 19 end of the current running
period. The spin groups will reconvene shortly thereafter to try to converge on a beam
use request.

‘e

In the time before the next neeting, more detailed thought needs to be given to quan-
titative year 2 systemalic error concerns and goals for both STAR and PHENIX, and te
realistic measurement plans aimed at assessing whether these goals have been achieved.
Progress on relevant calculations will be a prominent topic of discussion at the next meet-

ing.

°

The STAR spin group should consider in more detail the possibility of measuring transverse
asymmetries with radially polarized beam. BRAHMS collaborators should be approached
to gauge their interest and capabilities for transverse asymmetry measurements in inclusive
hadron production at high =7 and pp values.

The PHENIX spin group should reassess the beam time lnmn_un_ for year 2 Ary, measure-

. ments, in light of more realistic estimates of integrated luminosity likely to be available,

and in light of more’realistic assessments of systematic errors. It makes no sense to push
statistical uncertainties to levels far smaller than the systematic ones.

Iustallation of a full complement of spin rotators at both STAR and PHENIX at the eac-

liest possible date is crucial to the future of the RHIC spin program. Different installation

schedules for relevant equipment within the two detectors will inevitably lead to continuing

differences in beam time demands for the various beam spin orientations. The rotators

. provide the flexibility to accommodate the needs of both collaborations. Continued coop-
eration will still be needed in dividing time between different beam energies.

a
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Discussion for FY2001 running and beyond

G. Bunce discussion leader
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For information please contact:

Ms. Tammy Heinz

RIKEN BNL Research Center

Building 510A, Brookhaven National Laboratory
Upton, N.Y. 11973-5000, USA

Phone: (631) 344-5864
Fax: (631) 344-2562

E-Mail: theinz@bnl.gov

Homepage: http://quark.phy.bnl.gov/www/riken.html
http://penguin.phy.bnl.gov/www/riken.html
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" RHIC SPIN PHYSICS Il & IV
' POLARIZED PARTONS AT HIGH Q"2 REGION
AuG. 3; 2000 AT BNL | - OcTt. 14',»72000 AT KYOTO UNIVERSITY

Li Keran Nuclei as heavy as 'bl‘.I”S | Copyright© CCASTA
Through collision
Generate new states of matter.

f T.D. Lee
Speakers:
M. Bai K. Barish D. Boer G. Bunce M. Grosse Perdekamp
Haixin Huang  Hanwen Huang H. Kobayashi  E. Leader - A. Lehrach J. Murata
A. Ogawa K. Ohkuma M. Okamura T. Roser J. Soffer J. Soeren Lange
H. Spinkak D. Svirida S. Vigdor W. Vogelsang  T. Wise M. Xiao
A. Zelenski

Organizers: Aug. 3: G. Bunce & S. Vigdor
Oct. 14: K. Imai, H. En'yo, N. Saito, T. Kunihiro, T. Uematsu,
S. Kumano, Y. Koike, M. Okamura

Scientific Advisor Committee: T. Roser, D. Underwood, X. Ji, J. Soffer, L.C. Bland
K. Yazaki, A. Masaike



