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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 dots in these two groups. During the third year, we 
started a new Tenure Track Strong Interaction Theory RFlIC 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 29,200O 

*Work performed under the auspices of U.S.D.O.E. Contract No. DE-AC02-98CHlOSS6. 
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Polarized Partons at High Q2 region 
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October 13@ri.)-14(Sat), 2000, 

Yukawa Institute, Kyoto University, Japan 

International workshop on II Polarized Partons at High Q2 region 11 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, Otitober 16-21,200O). 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 polarized 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 RH..lC 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 R unning. In 1) the successful 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 hl 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 cbairmaus 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 UniversiQ, ), N. Saito (RlKEN & 

RBRC), T. Kunihiro (Y%kawa Institute, Kyoto University), T. Uematsu (Kyoto University), S. 
Kumano (Saga University), Y. Koike (Niigata University), M. Okamura (RlKEN) 

Scientific Advisers: G. Bunce (BNL & RBRC), T. Roser (BNL), Il. Underwood (ANL), X. Ji (University 

of Maryland), J. Soffer (Marseill), L. C. Bbnd WXJF Indiana), K Yazaki (TPM, A. Masaike (Fukui 

Institute of Technology) 
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Workshop program 

2OOO/OCT/13 

9:00 Welcome (Imai Ken’ichi); 

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

9:30 The new Optically Pumped Polarized Ion Source (A. Zelenski) 

9:50 Polarized proton commissioning run 2000 (H. Huang) 

lo:30 Polarimetry at RHIC (D. Svirida) 

lo:50 Break 

ll:OO Suppressing intrinsic spin harmonics at the ACS (A. Lebrach) 

ll.95 Partial helical snake for ACS (M. Okamura) 

11:30 Spin tracking with real Siberian snakes in RICH ( M. Xiao) 

11:45 Spin flipping in RHIC ( M. Bai) 

12:00 Overview of RHIC spin commissioning and plans ( T. Rosen discussion leader) 

12:30 Lunch 

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

14:OO Polarized Parton Distribution Functions with Estimate of Uncertainties 

(H. Kobayashi) 

14~30 How well do we know the polarized parton densities in the nucleon at present 

(D. Stamenov) 

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

15:30 Transversity measurements at RHIC (M. Perdekamp, A.Ogawa) 
16:lO Break 

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

16:40 Sudakov Suppression ofAzimuthal Spin Asymmetries (D. Boer) 
17:lO New Prospects for Polarized Fragmentation Functions (J.Soffer) 

17:40 Polarized AC+ Production at RHIC (K Ohkuma) 

l.8:10 Large momentum transfer electro-production of mesons (Hanwen Huang) 

18:40 Move to Dinner at Tozan-sou 
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2OOO/OCT/14 

4th Session: 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 (EBarish) 

’ 9:45 STAR detector commissioning and prospects for the spin runs (L.Bland) 
1O:lO First Experiences with STAR level-3 trigger (J.S. Lange) 

lo:30 Discussion and planning for FY2001 running 

11:00 Break 

5th Session: Stratew for the Long Range Plan (Chair S. Vigdofi 

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% Discussion for long range plan (G. Bunce discussion leader) 

13:OO Adjourn 

14cOO RSC business meeting 

,_ 



,: . . 

List of Participants 

21 Kurita Kezuyoshi kurita@bnl.gov RIKEN BNL Research Center 

22 Lange Jens Soeren soeren@bnl.gov Brookhaven National Laboratory 

23 Lehrach Andreas lehrach@sun2.bnl.gov Brookhaven National Laboratory 

24 Makdisi Yousef makdisi@bnl.gov Brookhaven National Laboratory 

25 Masaike Akira masaike@mvb.biglobe.ne.jp Fukui University of Technology 
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Summary of RIKEN-BNL Workshop on Year 2 Spin Phvsics at RHIC 

August 3 at BNIL 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, Naobito Saito presented l?HENIX 

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 C5%. A pp 

“elastic” recoil spectrometer (--t=O.15) was also installed in RHIC looking at the pC CNI 

polarhneter 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 to be done by 

decelerating from the higher energy to injection energy to m-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 tbis mode, the Snake must be 

turned on sfter 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. 

7 
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4. For 1ongitudinaRy 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. 

5. The 2001 plan is to have 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 tarn 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.) 

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

beam independently. 

7. All 3 spin rotators, for STAR and PHRNIX, will be installed for 2002. 

8. The PHRNIX spin goal for 2001 is to measure the longitudinal asymmetry ALL for x* 90 

production, which is sensitive to the gluon polarization. On August 3 sensitivities were shown 

for 70% polarization and 32 pb-1. For the expected 5 weeks x 1.5 pbx and 50% polarization, a 

factor ~5 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.) 

9. 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 L4vl for hadron production at high pz The advantages of such measurements are 

that they provide an essential test of the ‘importance of higher-twist contributions to 

perturbative QCD amplitudes, which are ignored in all the calculations relevant to the 

extraction of AK, 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 huninosity monitoring, and 

possible small instrumental asymmeties in the detectors and polarimeters. StatisticaUy 

meaningful measurements of &for inclusive charged and neutral pion production can be made 

out to PT = 20 CeV/c with 5 pb-1 of integrated luminosity. In addition to vertically polarized 

8 
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beam, STAR would also want some time to begin studying luminosity monitoring for collisions of 

1ongitudinalIy polarized beams. 

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

scattering with the standard RHIC tune. 

11. For a k 25% absolute uncertainty of the beam polarization in 2001 (a suggested likely error), a 

S-spin asymmetry such as proposed by PHENE would have a normalization uncertainty of 

f 50%; for the l-spin transverse asymmetry proposed by STAR, the polarization scale 

uncertainty would be 4 25%. 

12. The ideal geometry for the &measurement proposed by STAR would be at larger xrthan either 

STAR or PHRNlX can reach, and can possibly be done with reasonable sensitivity with the 

BRAHMS detector. 

13. The need and projected accuracy for luminosiiq monitoring were debated. It is not essential for 

single-spin transverse asymmetries measured with a symmetic detector. However, for AU, 

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 AU to a net uncertainty of 4 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 monitor 

measurements at this level, but also about possible real spin-dependences ( i.e., ALL+ 0 for the 

monitoring reactions) that are a priori unlmown. An alternative concept for relative 

normalization, that would not rely on luminosity moniking, 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. 

14. Both STAR and PHRNIX will try to develop local polarimeters to measure residual transverse 

polarization at their IPs. These local polarimeters will be calibrated (after iirst 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 to dwthese 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 bandliog of the data (+ and - polarization 

,labeled properly). A meeting was organized for December 13 to develop local polarimetry. 
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CONCLUSIONS from Auaust 3: 

The PHRNM 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 diEerent installation schedules witbin 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 RIIIC 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 commissioning 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 longitudiually 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 calculations 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 xFand pTVdUeS. 

The PIISNIX spin group should reassess the.beam time needed for year 2 A~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. 

0 Installation of a full complement of spin rotators at both STAR and PHENIX at the earliest 

possible date is c~cial to the future of the RHIC spin program. Different installation 

schedules for relevant equipment witbin the two detectors will inevitably lead to continuing 

ditferences in beam time demands for the various beam spin orientations. The rotators provide 

the flexibility to accommodate the needs of both collaborations. Continued cooperation will still 

be needed in dividing time between different beam energies. 

Kvoto Summarv for 2001 Spin Run 

First, we learned much from the very successful September commissioning and further analysis of 

the AGS CNI polarimeter experiment E950 (after Kyoto): 

1. The pC CNI polarimeter worked. Systematics were d P<Z%. 

2. L&,L&@ND= + 10% + 12% =4 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 &for pp 

elastic scattering at -t=O.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 WFD 

worked in its September debut. 

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 tone-dependent due to injection with the 

snake off. 

6. l-snake running is stable. 

7. There was a large bunch intensiiq variation ( factor 2). Is it from AGS extraction jitter? Can 

we fix it? Do other beam characteristics vary? 

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

We agreed to request 

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

Nnning. 

2. 2 weeks to commission RHIC for pp collisions. This is independent of spin. About 1 week of 

the 2 week September spin commissioning 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-r,50% polarization. 

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 FY2OOl. run plan for RHIC, and that 

the plan requires an extra month to fit. 

STAR and PHENM 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 inchn3.ing 2 weeks AGS spin commissioning, 3 weeks pp 

commissioning in RHX including spin and a 5-week pp spin/heavy ion comparison run. 

t ,... ..x :., L,, “<.(.-:.‘: ..,.: .,:... :. ..,.., 1 :\ *;...<.:‘..i,:;~ ,ij i::,,q 
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A new Outically-Puumed Polarized H Ion Source (OPPIS) 
for the RHIC min Dhysics 

:: 

A. Z&en&i. J. Alessi, B. Briscoe, V. LoDesixo, A. Lechrach, J. Macdisi, D. Raparia, T. Roser @NT& Y. 

Mori (KEK.), M. Okamura (RIKEN), V. Klenov, S. Kokhanovski, V. Zoubets,(INR MOSCOW >, G. Dutto, 

l? Levy. I?. Schmor and G. Wight (TRIUMF) 

In 1996 Y. Mori proposed to provide the KEK OPPIS for the RHIC polarization program. In October 

of 1997 the OPPIS was moved to TR.ITJMF for upgrade to higher intensity and longer (300 us) pulse 

duration. An ECR primary proton source was ypgraded Tom 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 whic.h allowed to accelerate polarized beam to 35 keV for injection to RF&. 

A long pulse laser based on solid-state LiSAF crystal was developed to produce up to 450 us pulse 

duration. A 1.6 mA 1-I ion current of a 35% 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 construct.ion and a 35 keV LEBT construction was completed in May and first 

beam was accelerated t,o 200 MeVpolarimeter in June. The polarization of a 72-74 % was measured at 

200 h4eV The polarized H ion beam current of a 350 uA was obtained at 200 MeV; which corresponds 

to about 40% transmission horn the source to the end of the linac. In July -August the beam was 

injected into AGS and used for depolarizat.ion studies in booster and AGS. In September 5-19 

polarized run the beam was injected and stored in RHIC. The new source operation was quit.. reliable. 

The ionizer biasing worked well, a 2-3 % sparking rate can be reduced by vacuum improvement in the 

ioni.zer cell and electrode geometry optimization. The pulsed laser operation was reliable. The crystal 

dissolut.ion rate is about 0.3 mm in diamet.er /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 invest,igate the possible polarization losses in 

the 35 keT: LEBT. Apparently, a significant part of the OPPIS current has to be sacrificed to reduce 

the depolarization in the booster, AGS and R.HIC. Therefore, the high intensity development, should 

ie continued. 
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A new Optically-Pumped Polarized IIT Ion Source (OPPIS) A new Optically-Pumped Polarized IIT Ion Source (OPPIS) 

for the RJ3IC spin-physics for the RJ3IC spin-physics 

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

D.Raparia , T. Roser , BNL D.Raparia , T. Roser , BNL 

Y Mori KEK, MOkamura,, T.Takeuchi RIKEN ‘. ‘. Y Mori KEK, MOkamura,, T.Takeuchi RIKEN ‘. ‘. 

V.Klenov, SXokhanovski, V.Zoubets , INU Moscow V.Klenov, SXokhanovski, V.Zoubets , INU Moscow 

G.Dutto, P.Levy, PSchmor, G. Wight TRITJMF G.Dutto, P.Levy, PSchmor, G. Wight TRITJMF 

Kyoto FWIC-SPIN workshop Kyoto FWIC-SPIN workshop 

October 2000 October 2000 
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Polarized Proton Commissioning 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 55% 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 rot,ate 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 eoZlisions in RHIC 

RHIC pC Polarhetes . 

70% Polarization 

POI. Proton Source 
500 ,p., 300 ps 

200 MeV l+LrneteU AC% Internal Polarimeter 
y Rt’ Dipoles 

10L’ Pol. Protons I Bunch 
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1 1 Key parameters to maintain beam polarization Key parameters to maintain beam polarization 

I I (DBoth vertical and horizontal enxittance (DBoth vertical and horizontal enxittance 
should be small. should be small. 

@Vertical betatron tune and modulation tune @Vertical betatron tune and modulation tune 
separation well controlled. separation well controlled. 

@Chromaticity small to get good coherence. @Chromaticity small to get good coherence. 

eTiming of firing RF dipoles. eTiming of firing RF dipoles. 
I 
I 

. . .:. .:. 

. . 

BROOKHGEN N.AT,OYdL l..ABOR.ATORY 
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i ” i ” 

/ 
I I 

Running Condition (1) Running Condition (1) 
/ 

Resonance Tune Tune 
separation(FY 97) Separation(FYO0) 

0-h 0.009 0.009 

12+v 0.0055 0.005 

36-v 0.006 0.005 

36+v 0.0065 0.0045 
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Running Condition (2) 

@BHorizontal ernittance improved from 407~ to 
<20x 

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

, . . ,  I .  , ,  , . : . :  , . .  ,  
, . - _ .  , . , . . . i  i . i. , . . .  . i . .  :  .  .  , . ,  

Performance of AGS 

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

@Scale the polarization measured at w46.5 
back to injection, the estimated input 
polarization is (preliminary!) 

(55+- 9.8)% 

34 



l Obtain a vertical coherence in a fully coupled machine 

x”+02x-q2z=kcosw,8 

z’+o 2z - q2x = 0 

when the driving frequency = unperturbed betatron frequency, 
the driving force in the horizontal plane then results a 
coherence in the vertical plane. 

X 
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l beam turn bay turn data in the AGS pp2000 run. 
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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 KF 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. 

_ -_.___ --. ____- ---.-.. 

_: 
..- 

2 .:::. : 
‘z..“, 

l June-July 2000: (independent of CHIC operation) 
o New pol. source (OPPIS) commissioned and beam transp. thrwgh linac: 65% 

polarization measured at 200 MeV polarimeter, 
200 mA and 300 ms beam pulse (4x10” polarized protons ) 

0 August 2000: (during RHIC Au stores) 
l Accelerate single bunch (10” pal. pr. / bunch) in Booster and AGS to 

Gg = 46.5 (g = 25.94) J 
l Commission coupled spin resonance crossing using horizontal rf dipole J 

0 September 2000: (dedicated RHIC operation) 

l Inject 6 bunches (-k - f - + -) into RHIC blue ring with snake off. J 

a Commission pC polarimeter and measure vertical polarization J 
l Turn on snake and measure radial polarization J 

l Accelerate and measure polarization J 
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Year-ONE polarimeter 
10pIl; *Thin carbon target - 5 IJ-~/&I? x 

*H&&on&l and vertical targets; 
04 Detectors 12strips x 2 mm; 
*Strips in vertical direction; 
*Trigger as ’ or ’ of all strips; 
l DAQ with LeCroy FEW 4300 ADCRDC; 

kJ :~~:~$y$;~unch 
Carbon identification by time of flight/energy dependence: 

E, keV T, ns 
100 118 
200 84 
500 53 
1000 37 

.,_ _.._:., ~,, iy,.. ) ..‘,.. ..,. ,: . . . ..‘,...I”:.:.:‘.‘...Y’. 

Polarized proton injection into RHIC 

Injection at Gy = 46.5 without 
snake: vertical polarization! 

v, = 29.23 + I ‘; 
$7 
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@I Single snake RUN2000 
Bl =B2 

0 Two snakes for RUN2001 

Snake operating points 
Rotation Angles for a Helical Snake 

-- 

-5 

-4 

-3 

B1 D-L! 
-2 

-1 

0 
0 1 2 3 4 5 

B2 [T] 
,NA,IlJ.“RL L.Al”KALUKI 

Spin commissioning with a single Snake 

1 - Gy=48 or60.3 



Acceleration with single snake 

S-Cn resonances in RHIC (w/o Snakes) 
I 

0.00 i 
io 

Inj . Energy 
Gy= 46.5 G=f= 55.7 Gy = 60.3 

E=25.9GeV Cr(=45 E=Jl.lGeV E=33.6Gex 

45 50 
-- 

;( 
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Asymmetries measured in RHIC 

3.0 
r 

 ̂ >::.-i;:‘.*,, ii<. . ..” . . . . . “i. .<i;l.l .A.. ::j., )‘.~i’“‘..“:.,r:.(~.:-,,,~,~ 

- 

Summary 

RHIC Asymmetries normalized to AGS asymmetries 
( Preliminary) 

61+6-v, 

I 

40.0 45.0 50.0 55.0 C70.0 65.0 70.0 

07 

0 AGS performed well with vertical rf dipole. 

Q First attempt to use horizontal rf dipole looks 
promising. 

@ RHIC pC CNI Polarimeter works very well. 

8 Snake Magnets work as expected. 

8B Polarized proton beam was accelerated in RHIC. 
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Polarimetrv at RHIC 

D. Svirida 
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POLARIMETRY AT RHIC (CNI) 

l Results from E950 
* CHIC year-one CM polarimeter 
l Latest results (September 2000) 
* Future with wave fkont digitizers (WFD) 
l Some physics 

Why CNI ? 
J Large crossection X Small effect (I -q)Y0 
J Simple equipment X No precise theoretical caicu1at.ion.s 
J Weak asymmetry vs energy dependence 

:..:...i’:. ./, . iy.: .w~,.:. ,,r, ..-ii:.-u.,.;;..,-:~:. _: -.:.(‘. i .,,-, ‘(‘Z 

(6 s -I 111111i 
Im 0 L_ 

l A vertical bunch of -20 carbon targets 
l 2 detectors - 12 strips’ - only central 6 used for asymmetry calculations 
l Trigger as ‘OR’ of all strips, carbon+prompts 
l DAQ with LeCroy FERA 4300 ADCYTDC; dead time - 15 ps 
l 1 bunch mode, - 5.1 O9 p/bunch; - 40% polarization, 23 GeV 
l About lo7 carbon events in 2 day run 
l Carbon selection by’ amplitude-TOF correlation 
l 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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Asyrnrnety calculation : .5 ) 0.04 

A/iTaE-JLDJRv cf 

- T.lEJRD+%/E~ 

Kopeliovich-Lapidus (old) : 
~-t [~-1)-2Im~]~+2~Imv--Re~) a 

A=-----. 0.02 
m l+(t, /t+p+q 

N. Buttimore improvement : 

H, \ ,I' 

.1151E-01 
.oaca* .caoo 

Imr=O- 

; p = wL+(O> 
6 - Bethe’s phase 

0 0.005 0.01 0.015 0.02 0.025 o.c- 

pC Elastic Analyzinq Power vs Momentum r ns rrt -f iGeykc 

l Thin carbon target - 5 ktg/sn$ x 1 Okun 
l Horizontal and vertical targets 
l 4 Detectors 12 strips x 2 mm 
l Strips in vertical direction 
l Trigger as ‘OR’ of all strips 
l No prompt particles in trigger 
l DAQ with LeCroy FERA 4300 ADC/TDC 
l Zero supression mode 
l Dead time - 10 ps per event -I- 1.5 s per 
4OOOq events 
l 6-bunch mode 
l Up to 5.1 O’O p/bunch 
l About 1Oj carbon events/min 
l Carbon selection by amplitude-TOF 
correlation 
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l Energy calibration by timing measurements 
l Consistent with TANDEM test within 10% 
l a-peak is at 4 with the account to Si dead 
layer 

l (-t) spectrum corresponds to the 
elastic carbon (exponential) 
l Spectrum slope is close to -60 
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Horizontal asymmetry 

II I I I I 

l Statistically significant O. 
asymmetry values 

l Negligible systematic 
error with zero 

0 In 
* cc 

measurement 

viduol runs 
nbined runs 

Run number 

: ., -.:--..,.,_ :<t’. ii:+. .<‘,“.,, ,, ~l.~r-r.i.~i?:r..~!:. . i.. :l;,..,/:..> 

0815 .6557E-01 

N. Buttimore improvement : 

0 0.005 0.01 0.015 0.02 0.t 
. - 



l 6 Detectors 12strips x 2 mm 
l Strips in horizontal direction - all equivalent 
9 72 independent self trigged channels with wave 

6 front digitizers (WFD) 
9 Large load - 1 event/bunch crossing (zero dead time) 
l WFD allows to measure both time and amplitude 

of the signal 
l Signal form analysis and zero level subtraction 
l Flexible Xilinx configuration: on-board data storage 
l Individual bunch polarization measurement 

l 1 module with 4 channels 
l External common triggel 
l Waveform readout 
l Software event reconstruction 
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l Strong dependence on 
beam polarization P 
assumption 
l Never consistent with 
zero . 
l lm r is well clefinecl if 
Re r assumed 0 
0 x2 is smallest Ior 
P=(O.35-0.38) 
* Reasonable values fix 
reasonable P 
l r nhase is close to 0 

0.3 

0.2 

0.1 

0 I 
L Marker SIZE = $ -0.1 7 3 

-0.2 

-0.3 I 
J. 

-0.4 - 
-0.1 -0.01 -0.06 -0.04 -0.02 

p=-0.12 

E=O.45 

P=cl:4 

r os a function of beam polarization P=(O.2-0.5) RC 

L 

is 0.3 - 

0.25 - 

0.2 - 

0.15 - 

0.1 - 

Im rvsp Rervsp 

l Significant p -dependence l New p estimate for pC in 
l Re I’ is nearly zero CNI rwjon by B. Kopeliovich: 
* In1 r is never consistent \lith 0 p =-0.12 
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l CNI Polarimeter proved to be a simple and 
reliable instrument for relative beam polarization 
measurements at RJSIC 

l WF’D development will allow to achieve 5% 
accuracy at full RHIC luminosity and individual 
bunch polarization measurement 

l Accurate estimate of’spin-flip pC amplitude can 
be done, provided the absolute polarization value 
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SunDressinP Intrinsic SDin Harmonics at the AGS 

A.Lehrach*, M. Baia, J.W. Glenna, W.W. MacKay a, T. Roser*, V. Ranjbar n,b 

(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) 111. A partial snake was 

installed to overcome all imperfection resonances in the energy range of the AGS 121. The rf dipole 

concept to preserve polarization at strong intrinsic resonances has been demonstrated at t,he AGS 

for the first time [31. 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 1 adiabatic nature of this tune jump, the beam 

emittance will increase [41. Marc efficient is a method called suppressing intrinsic spin harmonics, 

first successfully applied at the Cooler Synchrotron COSY [51. In this presentation we describe how 

to use this method at the AGS. 

References 

111 T. Roser, DESY-Proc-1999-03, 52 (1999). 

121 H. Huang et al., Phys. Rev. Lett. 73,2982 (1994). 

[31 M. Bai et al., Phys. Rev. E 56, 6002 (1997). 

141 LA. Ahrens et al., AIF Conference Proceedings No. 187, 1068 (1988). 

[51A. Lehrach et al., Nucl. Inst. Meth. A 429.26 (2000). 
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resonance strength 
of intrinsic resonances 

ES : normalized vertical emittance 
3B,/& : vertically focusing gradient field 

Bp : magnetic rigidity 
P -L : vertical betatron amplitude 

vy : vertical betatron tune 
K : resonance tune 

0 : orbital bending angle 
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0.001 

vy= 8.5 8.75 ,... I” 9.0 / 
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I _-__ ---_ -_I -_---- - ___.._ 
I 

_,,y’--T --------- - ---__- 

I 

i _ __ _ - _ - - -- / rfdip*[e 

~ 
i 

~ 

t 

L ~0.02 
?.. ;, 1 -.-.- -0.01 0 0.01 0.02 

Suppressing htrinsic Resonance-s at the A.GS 

Hardware 

- power supplies :z= 700A, V = + 170V 
- magnets : R = 0.161!2, L = 0.02567H 
- rampe rate : 330A / 5Omsec 

24-V, 

24-W, 

48-y, 

hp (msed tdown (msec> 

60 40 

50 30 

30 50 

Lax (A) 

-180 

-360 

-1-360 

+ required ramp time : 1lOmsec 

factor two slower acceleration 
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?f 
= pi(&-” E2’2cx - 1) 

Pi : initial polarization 
Pf : final polarization 
ff : resonance crossing rate 
E : resunance strength 

V 

58 

. . . 



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 parCal 
snake magnet could increase polarization up to 50 % at 21 GeV in AGS, however this 
result. s’cill does not fulfill the requirement of the project. It has been observed that 
much of the remaining depolarization occurring in the AGS is associated wit.h 
transverse coupling resonance, which is clue 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 sicles. Plannecl field 
strengt.h, bore radius and length are 1.5 T, 75 mm and 1.5 m respectively. Detailed 
design of this magnet will be presented. 

..:. .i’...... .‘<,.. .,.; ._.. .,,.,..,. i . ..’ :i:..... ,.,_.,, /L 
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Partial Helical Snake for AGS 

RHIC Spin Collaboration 
October 1 S(Fri) 2CXM 

Yukawa Institute, Kyoto University, Japan 

M. Qkamwa I RIIUZN 

Contents: 

1. Solenoid and Helical Magnets 
3 ICI. Basic Design of the Helical Dipole Magnet. 
3. XY coupling (Longitudinal Magnetic Field) 
4. Conclusion 
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3. Transverse Coupling (Longitudinal Magnetic Field) 

Partial Helical Snake 
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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 depularization in the AGS. 

.. ;,.. . .:,i .:i 3: .i:_.:..,, ,.,, )i(( 
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SDin Tracking with “Real” Siberian Snakes in RHIC 

Meiqin Xiao* and Takeshi Katayama** 

*Fermi National Accelerator Laboratory, 

**Center for Nuclear Study (CNS), the University of TokyolRIKEN 

Abstract 

The numerical study of the spin depolarization in Relativistic Heavy Ion Collider @UC) at BNL 

due to the intrinsic and imperfection resonances has been carried out by tracking the orbital and 

spin mot.ion of polarized protons wit.h “real” Siberian Snakes in the ring, based on the magnetic 

field-map produced by TOSCA calculation, from the injection energy of 25GeV to the top energy of 

250GeV Firstly? the energydependent 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 Automat.ic DiEerentiation) approach for 

extracting an exact orbital map around any ray. Seconclly, t.he symplectic problem of orbital map was 

solved for the spin cracking for 107 turns. And then, the co& SPIM< was upgraded to carry out 

spin tracking. Finally, t.he numerical spin tracking in RHIC with “real” Siberian snake was carried 

out.. The single- and multti 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 t.he polarized protons are extracted from the emittance of 

lOpmm.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 conclit.ion is about. 73% at f.he top energy. On the ohher hand, it was found that “real” Siberian 

Snakes introduce the coupling of horizont,al 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 during t.he accelerat,ion. However. these motions in the low energy region do not affect so 

seriously the spin polarization. 
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, Spin Tracking with C(Rea17y, Siberian 
Snakes in Relativistic I%avy Ion 

Collider (RHIC) 

..: Meiqin Xiao* and Takeshi Katayama 

CNS, the Univ. of Tokyo/R.IKJZN 

*Present institution: Fermi National Accelerator Laboratory 
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Fig 4.11 Spin trackhg with real Snakes in RHJC, orbital tracking with the 
symplectified “transport” matrices from Code MAE 
Misalignment randomly assigned, Corrected Closed Orbit Distortion * 0.5 mm 

a EL = sy - 5nmmmrad, b. 4 - .c,s - IOrcmmmmd. 
c. cz - E~ - 15rrmmmrad, d. cg - Ed = 20mnmmrad 
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Fig 4.10 Spin tracking with real Snakes in MC, orbital tracking with the 
symplectified “transpoa” matices from Code MAD 
Misalignment randomly assigned, Corrected Closed Orbit Distortion = 0.2 mm 
a. Ex = Ey - 5rrmmmmd, b. EL = 5 = IOrrmmmrad, 
c. & - sty - 15rcmmmrad, d .ex = .$ = 2Onmmmrad. 

- 
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5. Conclusion 

We have solved the symplectic problem on the orbital 

motion in the Snake magnet, one of the key issues for spin 

tracking, and have performed the Zang term tracking of spin 

&d 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. 

..,s: :.,:,:i ; ;.,.,. ,.,:. ,. . . . . . . . . . . . . .._...... 

, 
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Spin Fhminv in RHIC 

M. Bai, A. Lehrach, A. Luccio, W. W. MacICay, T. Roser, N. Tsoupas 

Brookhaven National Laboratory, Upton, NY 11973, U.S.A 

Abstract 

At the Relativistic Heavy Ion 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 int.rinsic spin resonances. Since no resonances are crossed in RHIC, the beam 

polarization remains fixed through acceleration. However, in order ~JJ reduce systematic errors, the 

experiment often requires the polarizat,ion 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 11. 21. 

References 

[II D.D.Caussyn et al., Phys.Rev. Lett. 73, 2857 (1994). 
,... . . . . . . . . ii<.; I ‘...) .(,.. .,,. . . :, . . . .‘:‘:‘.... .,./ +.>,; 

121 B.B.Blinov et al., PRL 81, 2906 (1998). 
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. . . . 

l Thomas-BMT equation 

GyB, + (l+G+,, + 

S: spin vector in the particle’s rest frame. 
&2: 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. 
p: 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. 

EROOK”~EN NATIONKL LXBORATORY 

. :..,\,_ ‘L(.’ .:.: .,.,;, ,,,..,. i .:‘. . . . . . . . >.\i,..i 

- 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, = G1, 

For RHIC, 
spintune=~l~~-@iI,+, and c& are the axis angles of the two snakes 

with snake axis set at (4.Y,-450), the spin tune = 0.5. 
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l Spin flipper -- use an RF dipole to induce a spin flip in the 
presence of full snake(s) 

An RF dipole with horizontal oriented oscillating dipole field induces 
a spin resonance at 

v = RF dipole field oscillation jkequerzcy 
Ill beam revolution frequency 

Its strength is: E=l+Gy B,,,L 
47t Bp 

To achieve more than 99% spin flip, the frequency ramping rate of the RF dipole 
has to satisfy: 

P n I&I2 -- f= 2e 2a - pi 1 2 -0.99 
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- Spin flipping 

F> tune the snakes axis so that the spin tune is away from l/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 

8 slowly turn off the RJ? dipole 

D turn the snake axis back to 4Y, so that the spin tune is back to l/2 

..: .:. ,.,, iii.::..: ..,.. y, .., 1 .,. i..: ‘.“‘i’;.: . . . . . . )iX’. 

___----- - ..--_--.____-_ . . . . ..-.._ _-_ - -.- ..,._.. 

l A simple simulation of using an RF dipole as a spin flipper 
B tracking model 
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l RHIC AC dipoles 

.<. 

Sector 3 - - Sector 4 

l Spin flipper for RHIC 

Magnet parameter: 

length: 1.4m 
Max field: 300 Gauss 
frequency: 37SkHz 
tunning: 2SkHz 
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l Status and Plans 

magnet status 

- preIiminary 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 instailed 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 l&z. 



Overview of RHIC sDin commissioning and plans 

Thomas Roser .‘. 

. . . . ..il.Y,%,/ “.:.-.~.‘l.> .,., “. ,.. ;..>: ..; .I . . . . :.:.y .,,: -,i <K), 
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Polarized Parton Distribution Functions with Estimate of Uncertainties 

Y. Gotol, N. Hayashiz, M. HiraP, H. Kobayashiz, S. Kumano3, M. Miyama4, T. Moriib, N. Saitoljz, 

T.-A. Shibatae, and T. Yamanishi? (Asymmetry Analysis Collaboration) 

1RIKEN BNL Research Center, Upton, NY 11973, U.S.A. 

2Radiation Laboratory, RIKEN, Saitama 351-0198, Japan 

aDepartment 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 

sDepart.ment of Physics, Tokyo In&it&e of Technology, Tokyo 152-8551, Japan 

7Department of Management Science, Fukui University of Technology, Fukui 910-0028, Japan 

i ..: .:.-.a,_ ‘::.. _..y. ,,: .,: <.,. i. .., .~( . . . . . . ..I ..,. ::,: 

Abstract 
Experimental data on the structure function g, (x,&‘) have been accumulated with the proton: 

deuteron and 3He targets. We study parameterization of the polarized parton distributions (p!ol-PDFs) 

111 in the leading order (LO) of a, and in the next-to-leading order (NLO) with estimate of 

uncert.ainties. 
The polarized distributions are provided with a number of parameters at. Q’=l GeV2 (=a). 

Considering the positivity condition and the helicity retention property following functional form is 

proposed for the pal-PDFs: 

where AL (x, pi ) T is an unpolarized parton distribution (GRV98). The subscript i denotes the type of 

the parton distributionf, E (~c,,,d,,,&). The parameters Ai, (xi and ai are determined by fitt,ing 

available experimental data on the inclusive spin asymmetry A1 f?om experiments: EMC, SMC, SLAC 

‘$130, E142, E143. E154, E155) and HERMES, where Alis expressed with the structure function gl 

and other known functions and glis expressed as linear combination of pal-PDFs AA. The first 

moments of Au<. and Ad” and are futed by the semi-leptonic decay data by assuming the SU@) 

symmetry, so that t.he number of free parameters is reduced from 16 to 14. 

The x2 minimization is performed by using the CERN library subroutine MINUIT with the 

following definition, 

comparing t.heoret.ical asymmetries with the experimental clata weighted by square inverse of the 

error in each points. hs a result. we obtain t,he minimum$ : x’ld.o.f=322.6/359 for the LO and 

x21d.o.E=300.4/:359 for the NLO. 

The uncertainties of pol-PDFs can be estimated from t.he 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 pal-PDFs is not easy because there are strong 

correlations between pal-PDFs of different flavors and from different values of x and Q ’ . We present 

preliminary results &om an effort to quantify the uncertainties in polarized parton distribution 

functions. 

[II 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). 

..,-i. t,. “~““.‘: ,..“.. T.:i...i/i, ..-.)~...:,:‘..‘..,_, ‘i. 
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A talk about spin asymmetry data analysis A talk about spin asymmetry data analysis 

l Polarized Deep Inelastic Scattering l Polarized Deep Inelastic Scattering 

l What is the AAC Parameterization? l What is the AAC Parameterization? 

l Q2 Evolution l Q2 Evolution 

0 Fit Results 0 Fit Results ,_ _.,.,.. .,, ,.(:_ :., ..: ,, .__. ,_ _.,.,.. .,, ,.(:_ :., ..: ,, .__. ,. : ..,~. I. ..“.~.~.“;:i’..r~. -. ,. : ..,~. I. ..“.~.~.“;:i’..r~. -. 

l Estimate of Uncertainties l Estimate of Uncertainties 

0 Summary 0 Summary 
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:,, i. : F.. .: . . . . . . . . . . ,; : :., ., . .._ .,, ..,, -/. _, 

x2 definition 

X2,,-.(.A-f(a))T!&-1(A-f(a)) = S(a) 
_.. 

x2 minimum 

XLin 
= s(S) 

Expansion around x2 minimum 

-,S(a) =S(~j+(a-a)T~l(a-,~) 

Definition of l-o Error 

S(a) 5 S(2) + 1 

(a-$)TY$(a-2) 5 I 

g is given by MINUIT 

vij-(~)ij ’ 

Error Propagation to Function F(a) 

(SF)2 = xzgflj$, xj: Covariance Matrix 
i j 
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Features of the AAC parameterization 

l Pol-DIS experiment Al, 375 data points. 

l DGLAP Q2 evolution. 

l Functional form : “i;“t2y = Aixai ( 1 + yixb). 

ix, 0 

l Positivity condition IAfi (x) 1 < fi (x) . 

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

l One LO and two NLO parameter sets. 

What was found? 

l Q2 dependence of Al at Q2 < 2. 
: -:. . . ., .P.~” .:./:, .,,, -., . . ,. ~... ii, (’ . ,.:.. .n. . ..\>.>( 

l x2 in NLO is smaller than that in LO. 

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

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

0 Spin contents : 

AX = 0.201 Ag = 0.831 LO 

AZ: = 0.051 Ag = 0.532 NLO-1 

AC. = 0.241 Ag = 0.533 NLO-2 ~(a~ = 1.0) 

l Detailed uncertainty analysis is on ,going. 
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How well do we know the nolarized parton densities 
in the nucleon at mesent ? 

Elliot Leadera, Aleksander V Sidorovb and Dimiter B. Stamenovc 

a)Birkbeck College, University of London, England 

b)Bogoliubov Theoretical Laboratory, JINR, Dubna, Russia 

‘c)Institute for Nuclear Research and Nuclear Energy, Sofia, Bulgaria 

Abstract 

.(. i - ,.: /,” .i : l.- . .._ :‘:,.:.r,;. 

We present a critical assessment of what can be learned about the polarized part& densities l?om 

the present data on inclusive and semi = inclusive 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 Q” and the 

accuracy of the present data, almost all QCD analyses supplement the DIS data with information 

stemming horn low-&” weak interaction reactions. We draw attention TV some problems in the 

combined use of high-&r deep inelastic scattering (DIS) data and low-&” hyperon /3 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-@ 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 p 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 da$a. It is important to st.ress that the singlet quark 

density, as well as its fist moment, & (the spin of the nucleon carried by the quarks), are virtually 

unchanged by the SUc3) breaking. The mean value of m 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-Q” quark models. 

Despite the great. progress of the past few years, t,he two challenging questions concerning the 

parton spin struct,ure of the nucleon are st.iU the gluon polarization Ag and the flavour decomposition 

of the sea quarks. It. is expected that the Spin Physics Program at RHlC, as well as the future DIS 

experitnents (COMPASS at CERN, HERMES at, DESY and the Jefferson Lab. Spin program) will 

answer these quest.ions very soon. 
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Soft-yluon Effects in Polarized Prompt Photon Production 

Werner Vogelsang @IKEN-BNL Research Center) 

Abstract 

W7e 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 part&&r on the role higher-order QCD correct.ions 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 t,he Dependence of 

the predictions on the factorization and renormalazation scales. We also address the issue of 

isolation cuts on the photon. 

..‘r....:;..l..\. .‘<.“‘:“: .< .,_.. <‘F . . . ..Li ,..,: >....-’ j.a... ,..), 
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Conclus.ions ..‘, 

rn prompt photons .could give us desired 

information on g(z,Q*), in part. at I,ar.ge 61; 

’ ,O hqwever, still better understan.di.ng re.quired : 

l much recent theory progress 

., :i:...i;....,,. is.:.. i . . . . . . . . . . . . . L... . . .,., ?..:..A. ..:.;:..::r. 

l at RHIC, prompt photons will give first- 

hand information on Ag 
(need to learn from unpolarized case !) 

l resummation effects generally small for ALL ?. 

0 final answer not yet in ! 
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Future Transversity Measurement with PHENIX 

Matthias Grosse Perdekamp, @XEN 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 Fz&; &“), 

helicity average, and g&, @A helicity difference, have explored the helicity conserving part of the 

cross section with great experiment.al accuracy. In contrast, no information is presently available on 

the helicity flip amplitude. The absence of experiment,al measurements is a consequence of the chiral 

odd nature of the helicity flip amplitude and the related “transversity quark distributions”, Gq(ji, @j, 

which prevents the appearance of helicity flip contributions at leading twist in inclusive DIS 

experiments. 

Transversity dist.ributions were first discussed by Ralston and Soper Ill in doubly t.ransverse 

polarized Drell-Yan scattering. In Drell-Yan processes the transverse double spin asymmetry, ATT, is 

proportional to 6q61 with even chirality. Unfortunately, a recent analysis [21 estimates ATT = 1 - 2% 

with statistical errors comparable to t.he 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 to observe helicity flip 

contributions at leading t,wist. This possibility relies on the presence of fragmentation functions, & 

which are sensitive to t.he quark polarization in the final state and possess the necessary negative 

chirality. The asymmetries A’ are proportional to C,Gqx&f x H, where c$ are the transversity 

dependent partonic initial-final-stat,e asymmetries c$ of the struck quark which can be calculated 

from p&CD. 

For example, Collins suggested that in semi inclusive single pion production the quark spin 

direction might be reflected in t.he azimuthal distribution of the final state pion [31. Collins further 

demonstrated t.hat t.he symmetry properties of the process do not require t.he proposed fragmentation 

function i5 to be ident,ical to zero. 

The current interest in transversit.y dist.ribut,ions results corn a recent Hermes result, [41 which may 

suggest t,hat Collins’s function fi in fact is different from 0. Clearly the prospect,s are exciting to have 

a tool at. hand which provides access to t.he complete helicity structure of hard scat.tering processes. At, 

DEST a significant fraction (2 years) of the extended Hermes experimental program has been 

designated for the measurement of bhe lransversity distributions. 

Alternatively, Jaffe. Jin and Tang have proposed to utilize t.wo meson interference fragmentation. 
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both in polarized pp scattering and DIS, 151 in order to access the transversity distributions. In this 

channel, it is essential to experimentally identif) oppositely charged meson pairs coming from the 

invariant mass region of SZ? -wave interference (e.g. the p/w region>. It is shown in the talk that the 

invariant mass resolution of the PHENIX detector is sufficient for this purpose. In addition it is 

demonstsated 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. 
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Proton Spin Structure at RHTC 

Glum Pefarb%icy~ : AG i. Transverse Spin 

Transversity 4 : 

n+,n- Interference Fragmentation 

4(P,P+(n+.o+X) 
\ 
I 

STAR +PHENIX+PHOBOS 1 

Single Pion kymmetries : 

BRAHMS 

-,. .,....,.,, ...‘.: i...) ..,. :,. . . . . . . . (, :. .,.. i..-.-. .-...~:.i:..F ,. 

Helicity Amplitudes 

Deep tnelastic kattering 

Proton Proton Scattering 

1 L+ll 
z -7 -i -7 
* F,,q(x) (helicity average) 

g,,Aq(x) (heliciry difference: 

11+11- 
T -z 

_- 
2 z 

* & helicity Flip! 

1 xl 
ns 

The transversity distributions @(. 

remain the last unmeasured 

leading twist distribution functio 

H z Proton helicity .h E quark helicity 

Three independent 
helicity amplitudes: 

Transversity Measurements at CHIC 
148 



The transversi~ distri+tion &(x) The transversi~ distri+tion &(x) 
‘I ‘I 

I I 
Quark Dihbution Functions: Quark Dihbution Functions: Structure Functions: Structure Functions: 

: 

.: . .: . 

&I = ’ [i i -s’+ f)+(i -i + 3 -i) e F,(~)=~~~.$q,(s) (unpol.) 

Ad-d G=+ A&4 G=+ (Lp~)-(~+~-~) CJ g,(x) =i -xefAqi(x) (lorgpol.) CJ g,(x) =i -xefAqi(x) (lorgpol.) 
i-ads i-ads 

Transversity Distributions . i Transversity Distributions . i 

64(x) @ 64(x) @ 
( 

I 1 I 1 1 1 1 1 

$2 -2 -+ -2 -3 $2 -2 -+ -2 -3 
) 
1 

@ 

(H,h) + (-H’,-h’) (H,h) + (-H’,-h’) 

Probab,ility that quark of flavor i and Probab,ility that quark of flavor i and 
momentum fraction x contributes to momentum fraction x contributes to 
the spin of a transversely pqlarized proton the spin of a transversely pqlarized proton ~i(x,Q’>=41L(X,Q2)-~~(x,QZ) ~i(x,Q’>=41L(X,Q2)-~~(x,QZ) 

Transversity Measurements at RHIC Transversity Measurements at RHIC 4 4 

- - _.- -- _.- -- -- _ -- _ 
:““+.‘,.,. :‘L’: :P;:) .:Tyi, ~(1:‘.‘: ;:?,.i;:. ...:...:i: “,. ;:+<p ( 

The transversity distribution &J(X) 

0 For non-relativistic quarks: 6;r(x, Q2) = Aq(x, Q’) m = 1.0 
non-,&ivb,t 

q Differences provides information on rela- 
tlvistic nature of quarks inside the proton 4&F o.2 

0 Soffer’s bound: 126qi(x,Q2)(~4i(X,Q2)+Ae(x,Q’) 

w Not small! Possibly (6q,( = l&l ! 

I a 6$(x, Q’) does not mix with gluons under evolution . 

@ First lattice QCD result: & + dii + 6s = 0.56 + 0.09 
5. Aoki. M. Doui. T. Hatruda and Y. Kuramashi Phyr.Rev. OS6 (1997)433 
More recently: 5. Capitani et.al. Nud. Phyr. B (Proc. Suppl.) 79 (1999) 548 

AC=Au+Ad+As=0.2! 

Transversity Measurements at RHIC 

149 



Does not contribute 
in leading~twist DIS! 

q chirality unchanged 

Higher twist contributions are 

suppressed by 
_ 

‘!; ..i’:,“’ iy,l.:l’.i:. ;.,” :_...,;.._ ,.., . . . . . . L.“.‘.~“‘. .,_. y.:.,: 

Transversity Measurements: DIS vs pp 

Polarized pp 

RHWBNL 

l Drell.Yan: A,(p,p;+Il)o&q.& ,I., .L 

(O.Martin. k khaier. M. Stralmann and W. Vogelrang) 

l Q-Jets: &(pLpI + jet. jet) a @.@ 

(M. Stratmann and W. Vogelrang) 

: 

:‘- 

Tfansversity in‘DIS 

Polarized DIS 

HERA/D&Y. SPSKERN. e-RHIC. TESLA-N 

0 Collins Effect : 

A,(@, -+ en’ + X 

l n+,n- Interference Fragmentation : 

AJ&, -tI+(n’,n-j+x) 

I Observables 0~ &.H I 

( 0 = distribution - func. x fragmentation func.) 

Ttte transversity distribution $ only can 

- be extracted from a combined analysis of 

different processes and experitients. 



‘)... . 
.: .::: 

,. ‘ 
:.: 

Nucleon transversit$.ihrough final St&e interaction at RHIC 

Jet 

1 Structure/ ! nc7, ; 
,q/---..$ Jet 

Experiment : 

Process 

R Jaffe. X.Jin. 1. Tang Phyr. Rev. 857 (1999)592o 

J. Collins. 5. Heppelmann. G. Ladinrky. 

1 N-+--N’ 
A,=------- 

&,,,, N’+N’ 

Currently unknown: 
Model Calculations 
LEP -t(s) 

44dtdzddd cm 6+ 

Model 
Calculations 

(RBRC Workshop on Future Transversity: 
D+hi. Jakob et& Polyakov, Weiss et.al. 
Leader et.ai ) 

Transvenity Mea.mements at RHIC a 

I 
,’ 

: 

s-p wave interference fragmentation: 

Parton emits p/d followed by 
absorption of alp a forming a parton 

Transversity Measurements at RHIC 
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\ ..F..%,. i/:.::..: -. ._,. i :,. I . . . .:I..,,. :iH:L: 

d2/4(~sin6,eia(I-8,(z)+a.~,(z))sin6,e-i~l+... 
did& 

2 f Where: 

Strong interaction ?T, 7iT phase shifts ’ &(z),@,(z): spin average and dif- 

P. Ertabrocks and AD. Martin. Nud. Phys. 879 (l974)301 

Non-vanishing “support” 
only in the p mass region! 

o Sufficient mass Resolution? 

l Great for systematics! 

Transversity Measurements at RHK ,l 1 

Tran+erse Singk:Sph Asymmetry 
(Tang, Thesis. MIT) 

Beam 
P 

Beam 
P 

WE- plane 

N’ : Pion Pair Yield 

sin6, : Two Pion Phase Shifts 

&&XT) : Tmnsversity quark DFs 

e(z) : Pal. Fragmentation Func. 

n So sin S, sin(6, - 8,). cos(q5). 

[&(~,)~~(~)-%,(z)~~; +... 
~G(x,) .G(.Q@$ +...).[sin* 6&&)+sin* &j,(z)] 

Maximum Asymmetry 
1 v=om,., =0.83CeV,cos$=l) 

0.20 - 

200 CeV : 
.- 

0.15 - , 
, 

0 20 40 60 80 100120 

pp [GeV] 

Tnnsversity Measurements at RHIC 
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Momentum Resolution from TPC: 16 MeV 
Jet Reconstruction Capability => Can estimate 
Jet Energy and fraction of Jet Energy transferred 
~a the pion pair! 

Tfansversity Meanuements at RHIC !2 

PHENIX-Measurement Trigger: Tag n +-- in RICH and Jet Mul in EMCal 

..* 

Reconstruct invariant mass of pion pairs 

Form single spin asymmetry & =Nf-NL 
Nf+NL 

Mue”Armr: 
1.2f~~~~2.4,all@ 

1 k . ..‘.,.,. ;“+,/l /?zlLc 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ,..* . . . . ..-.. *.. 

11 

..*..*--.....-*.... 

/7 

I . 

IT+ 

1 
EMCal. Time Expansion Chambers 
RICH. Pad Chambers. Drift Chamber. 

Multi Vertex Detector 

Transversity tvleasurement with PHENIX 

. . . . 

153 
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EM Calorimeter 

South Muon 
Arm 

Muon Tracking 
Chamambec 

RICH Thresholds for different Species 

p-ID P WJi 
e 0.013 

n 3.5 

K 12.3 

h P 23.5 

1 uon 

Momentum Resolution in the Central Arm 

Tiansversity Measurements at FUSE 14 

- .--_ 



400: 

0 0.05 0.1 0.15 

m Nice! (from Heavy ion) 

Tiansvmity Measurements at RHIC 16 

:. 
‘: 

Expected Rate 

Example: 

5.2 Million events in 32 pb-’ 

800 MeV < m c 950 MeV 
15% with pair after cuts 

0.03 0.03 G G 

0.02 0.02 F F 

0.0; F Uncertainty on Asymmetry vs pr’ 0.0; F Uncertainty on Asymmetry vs pr’ 

o-“““““““““““““““’ o-“““““““““““““““’ 
2 4 6 8 2 4 6 8 10 10 12 12 14 14 16 16 19 19 

@[G&l @[G&l 

Transversity Measurements at RHIC 
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c 1 
E: 0.9 

d 0.8 

t a.7 
0.6 
0.5 
0.4 
0.3 
0.2 
0.1 

a 
5 10 15 20 

p,‘” IGeM 

c 
E 0.9 
t 0.8 
R 0.7 

0.6 
0.5 
0.4 
0.3 
0.2 
0.1 

0 
5 10 15 20 

(p a+&)‘” tGaV1 n 

Cannot reconstruct Event 
Kinematics in PHENIX 

-3 STAR! 

Trmsversity Measurements at RHIC 18 

-.- 

(For 1 week of running) 

f$(PI + ?r+z- + X) vs py 

j-Ldt = 32pb-’ 

$$$Ti GeV 

800 MeV cm < 950 MeV 

Transversity Measurements at RHIC 
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Short comment 

Akiko Ogawa 
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STAR detector 
_.. :_ ..:. l> L ‘ . _... 

Magnet 

Coils 

TPC 
Endcap & 
MWPC 

Cal -1. 

Endcap 
Calorimeter 

Barrel EM 
Calorimeter 

Time 

/I 

Projection 
Chamber 

Silicon 

Phase Shift sin 6, sin Sl sin(6, - Sl) is bow 
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.,-A scenario 
Year 2002 or 2003 
L = 8 1OA3 1 /cmA2/sec 
1 week run, 50% machine time 32lpb 

LO (EMC Jet) Trigger with threshold - 1OGeV 
Only using north/south (not top/bottom) 
With L3 data size reduction -15Hz to tape 

.300IS set 
Hz Total 

Jet Events 15 4.5M Beam Polarization 0.7 
pt<lO 2M cos$ integral 0.5 

1 o<pt<20 2M + dilution factor 0.35 
20<pt 0.5M 82K events = 1% error on A 

Siqdy dependence on, co,@, mass , z, Ptjet , h.jet 

-(...\:~.....:.i(..i.,.,:;‘.).:;”I..’. Z.)> ,.: ..: .:;* .;,.: ‘< -+..< . . . ...) ,,,,,. <,.. ,_ . _ 

Transversity (via 2 pions) in year 2? 
Year 200 1 L = 1.25 lo”30 /cmA2/sec Polarization 50% 
2 week run, 50% machine time 
CTB multiplicity trigger 
Only using north/south (not top/bottom) 3 OHz(?) 
(L? event selection on Jets / high z ? /mass ?) -1 OHz to tape(?) 

600K set 
Hz Total dA Wild guess / Tang’s Asym 

Min bias 30 
Jet Events -3 1.8M‘ 
5< pt<lO -2.5 1.8M 0.3 % 
1 O<pt<20 -0.4 240K ,0.8 % 0.6% I 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 
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Sudakov Sunwession of Azimuthal SDin Asvmmetries 

D. Boer (RI?AlXN-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 Gact.ional power, 

numerically found to be a = 0.3. 

The first example [ll 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 t.his 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 st.udies of physics beyond the Standard Model using the spin observable AK. 

The second example is a Collins effect driven cos(Z& asymmetry in electron-positron annihilation 

into two almost back-to-back pions [21. 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 [31 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. 

ill D. Roer, hep-ph/000421’7, to appear in Phys. Rev. D. 

[21 D. Boer, R. Jakob, l?J. Mulders, Phys. Lett. B 424 (1998) 143. 

[31 A.\< 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 

Danid Boer 

RIKEN-BNL Research Center 

..~.,:i,~,:~n~~,~:,.,~~~.!,/:v,:.-i.:..:.i;.~, i I.. ~ , c _., .:+ -.e:\:i~.<p’i 

e Transverse momentum dependent azimuthal asymmetries 

e Effects pf Sudakov factors in two explicit examples: 

l Double transverse spin asymmetry in vector boson production 

l Collins effect asymmetry in electron-positron annihilation 

* Implications and conciusions 
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NEW PROSPECTS FOR POLARIZED FRAGMIENTATION FUNCTIONS 

Jacques SOFFER (Centre de Physique Th’eorique CNRS ) 

Abstract 

The knowledge of hadron fragmentation functions gives a deeper understanding of the hadron 

st.ructure and of the hac!r~~tiz&jo~ mechanism for inclusive production. Here we are concerned about 

the h(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(l\) production in e+e- 

collisions in the energy range 14 I & 5 91.2 GeV , which yields the tist simple and reliable 
parametrization of the unpolarized hagmentation functionso;x(z,@). 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 j$$,~?). 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 polarized deep inelast,ic 

scattering, but one gets no definite conclusion by comparing them with the present very poor data 

from HIZRMES at DESY and E665 at FNAL. We also stress the importance of the A(x) product.ion 
in neutrino bntineutrino) deep inelastic scattering, which allows a clean flavor and spin separation. 

New dat.a 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 intcresting suggestions for measuring the belicity (and transversity) transfer 

asymmetry in the process pi + h . From its dependence on the rapidity of the A, it is possible to 

discriminate easily between the various theoretical models, thanks to the high luminosity and the 

small statistical errors. 
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Polarized A,+ Production at RHIC 

Kazumasa OHKUMA (Kobe University) 

Abstract 

To exkact information about the polarized gluon distribution in the nucleons, we propose A2 

product,ions 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 asymmetry 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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(I. Introduction 1 

Proton Spin Puzzle 

1 
-=lAE+Ag+<L>,+, 
2 2 

AX : Quark spin Ag : Gluon spin 

< L >q+g : Orbital angular momentum of Quarks and Gluons 

Experimental results : AX N 0.3 

+ Naive quark model does not work 

+ need more information about polarized partons 

in the proton 

- The knowlege of the polarized gluons is still poor !! - 

To extract the imfomation about the polarized gluons, we pro- 

pose one such process: 

P’fP-x:+x. 

J 
International Workshop on Polarized pat-tons at High Q2 region, OO/Oct./13, Kyoto. Page-l 

property of A$ baryon 

+ A$ baryon is composed of heavy c quark and 

antisymmetrically combined light u and d quarks. 

=+ Spin of A$ baryon z Spin of c quark 

+ c quarks are not the main constituents of the proton 

j gluon-gluon fusion process is dominant for c quark 

production in pp scattering. 

* 
There is relation between the gluon spin and 

produced c quark spin. 

observation of the spin of the produced AZ gives us infor- 

mation about the polarized gluons in the proton. I 
193 . J 

International Workshop on Polarized partons at High Q2 region, OO/Oct./13, kyoto. Page-2 



, 

II. A$ production in pj3 reaction 
\ 

This process can be measured by forthcoming RHIC experient. 

International Workshop on Polarized pat-tons at High Q2 region, OO/Oct./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 _ da(++) - da(+-) + da(--) - d++) 

dpT - dPl- 

P, : Transverse momentum of A.: 

dc(+, -)/dPT : Spin dependent differential cross section with 

the positive helicity of the target proton and 

the negative helicity of the produced AZ 

2 : the spin correlation asymmetry 

do-(++) - du(+-) + du(--) - d+i-)/dpT _ dA+p, 

ALL = da(++) + da(+-) + da(--) + du(-+)/dp, - dddp, * 

/ 
International Workshop on Polarized pat-tons at High Q” region, OO/Oct./13, Kyoto. Page-4 
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,._ ‘. 

I 

\ 

Proton-proton center of mass frame \ 

n& + (P,CSC@12, p,cot@, PT) 

pnc 
x:a,bPA,B ' PC = z 

Assumption : 8,+ 121 0, z 0 

: Scattering >ngle of the produced A$ in final state 

: Scattering angle of the c quark in the subprocess 

International Workshop on Polarized pat-tons at High Q2 region, OO/Oct./13, Kyoto. Page-5 

The spin correlation differential cross section 

GSa/PA(xaT Q2) : Unpolarized gluon distribution function 

AG4/gB (xv Q2> : Polarized gluon distribution function 

dA$-/dt^ : Spin correlation differential cross section 

for subprocess 

ADx+/, (z) : Spin dependent fragmentation function 
c 

3 : Jacobian which transform the variables 

x and t^ into 0 and p, 
/ 

International Workshop on Polarized partons at High Q2 region, OO/Oct./13, Kyoto. Page-6 
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[III. Numerical Calculation 1 

Gluon Distribution Function of the proton 

For unpolarized gluon distribution : G,/,(x, Q2) 

l GRV95 

M. Gliick, et al Z. Phys. .c67 (1995), 433. 

For polarized gluon distribution : AGg,p4~, Q2) 

l GS96-setA andB 

T. Gehrmann, et al Phys. Rev. D53 (1996), 6100. 

l GRSV96 

M. Gliick,et al Phys. Rev. D53 (1996), 4775. 

Fragmentation Function : (A)II(z) 

l Peterson Fragmentation Function 

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

International Workshop on Polarized partons at High Q2 region, OO/Oct./13, Kyoto. Page-7 

- - 

p, distribution of Spin correlation differential cross section 
\ 

&=200GeV &=500GeV 

- GRV95 - GRV95 
I I , ----- GS96-A s loJ 

---- GS96-I.3 d 
B lo2 
B 

10’ 

loo loo 
5. 

g 10-l 

l$10-2 
4 
-a 10-l 

i 
&lo-’ 
B 
q- 10-l 
% 

lo-’ 

lOA 

lo-’ 

10“ 

h 
@ lo-’ 

1 10” 
! ! r I 1 ! I I 

34 6 8 10 12 14 
loa 

16 18 20 3 5 10 15 20 25 
p, [GeVl p, WV1 J , / 

International Workshop on Polarized pat-tons at High Q” region, OO/Oct./13, Kyoto. Page-8 
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~. I^ 

,,;._,_., . ,,_. .I . 

a sign of the e is determined by the sign of y because all 

the other varia6es are positive for all kinematical region. 

mainly originates from the second term, be- 

cause .both t^ and 6 are negative and smaller than b in magni- 

tude. 

-u / 
International Workshop on Polarized partons at High Q2 region, OO/Oct./13, Kyoto. Page-9 

min 
mi+ + pT2cosec20 + p, Cot 0 

2, si c 

“& + PT 2cosec20 - p, cot 0 

tea becomes very small in large fi and small p, region. 

For vary small xa, t^-- 6 can be negative. -+ dAS/dz < 0 a 

4 

dA& 

’ dt^ 
-+?ID~$,~ (z)ZdOdxadxb 

Vary small xa leads to large values of the gluon distributions iI 

and negative values of dAtF/dt^ + dAa/dpT < 0 

197 i 
International WorkshoD on Polarized Dartons at Hiah 0’ reaion. OO/Oct./13. Kvoto. Paae-10 



/ Spin correlation asymmetry 

4=200GeV &=5OQGeV 

----- GS96-A ----- GS96-A 
I I 1 I ---- GS96-I37 

----- 0.08 - GRsV96- 
0.02 /- ,,: Gss~31 

0 8 9 I , 3 9 -0.03" ' ' ' ' ' ' ' ' ' 3 4 5 6 7 8 g10 3 4 5 6 7 8 9 10 11 12 
f, [Levi f, [Gevl 

Error bar :the statistical sensitivity for T = 100-day experiments I 
/ 

International Workshop on Polarized partons at High Q2 region, a)O/OCt./l3, Kyoto. Page-11 

\ 

. 

4 The spin correlation differential cross section, e, and 

asymmetry, ALL, has been calculated for fi = 200 GeV 

and 500 GeV. += RHIC experiment can measured 

these observables. 

Both 9 and A LL shows considerable difference 

in behazors for these two energies. 

ALL is sensitive to polarized gluon distribution. 

FUTURE 

Study of higher order corrections needed !!! 

\ 

International Workshop on Polarized partons at High Q” region, OO/Oct./13, Kyoto. Page-22 
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Lawe momentum transfer electroDroduction of mesons 

Hanwen Huang (Kobe University) 

Abstract 

Assuming the proton’s light-cone wave function to be dominated by small parton virtualities and 

small intrinsic transverse momenta, we show that the electxo-production amplitudes at large 

momentum transfer factorize ini~ pa&on-level subprocess amplitudes and form factors representing 

I/xmoments of skewed parton distributions. On the basis of a wave function overlap model for the 

form factors we present detailed predict.ions for the electxo-production cross sections. We also 

comment on large momentum transfer photo-production. 
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II. Introduction 1 

In hard scattering, nonperturbative information is parameterized 

in terms of hadronic matrix elements of operators. 

l Inclusive: diagonal matrix elements of bi-local- operators + 

pat-ton distribution functions (PDFs). 

l Exclusive: non-diagonal matrix elements of local. combina- 

tions of operators =$ hadron form factors. 

non-diagonl matrix elements of bi-local products of operators 

=+ skewed parto,n distributions (SPDs), combine properties of 

PDFs and form factors. 

0 Large Q2, small Itl: deeply virtual compton scattering 
(DVCS) and deeply virtual electroproductio$TBVEM) 

factorize into hard photon-parton scattering and SPDs. 

l Large Itl, small Q2: ItI -+ CO, perturbative dominate; 

ItI accessible in current experiments, in compton scattering, 

soft contribution dominate, factorize into hard subprocess 

and new form factors representing l/z moments of SPDs 

(M.Diehl, et al., hep-ph/9811253). 

LApply to large angle electroproduction of mesons.) 
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liLThe .soft mkxhanism 1 

Kinematical region: s = (p + @, - t = -AZ, - u = -(p - q’)” 

are large (> A&D), Q2 is not considered as a large scale. Work 

in symmetric frame 

+ m2 -t/4 1 m2 
P =p, L -- 

2p+ ) 2 
AL > 

! i 
P’= Pi-, 

-t/4 TA 
2p+ ‘2 -l 1 

A+=A--= 0, &=--AC, +-+-$ 

Parton momenta xi = k+/p+, xi = ,$i+/p’+, kLi, and ky,i. 2 

The arguments of the light-cone wave function 

zi = xi ) I& = kLi + xci AL/z. 

gf = x; fifLi = kyi - x; AJ2. 

The crucial hypothesis in the soft physics approach: soft pro- 
ton wave functions dominated by /?$I, I!@/ 6AR” and intrinsic 

transverse parton momenta EQzi, i;“~-.Jxi S A”. 

b = (b + q)2 and 6 = (kf - 4)’ are equal to 

S and u up to corrections of order .A”@ f Q”)/t 

q’ 



” 

_.. 
_. 

! 

, 
The physical situation is that of a hard pat-ton-level s$$kocess \ 

(4 --t, -4 >> A2> and a soft proton* matrix element describing the 

soft emission and reabsorption of a parton by the proton. 

Active par-ton is on shell, collinear with par- 
ent proton 3 integration over k- and kL feav- 
ing an integral /dlc+rdz-- 3 z -i- .z = [o, z-, Ol]. 

4% t) = ; p-&$+(s, t> [Ry(t) + Rfy(i)] 

+ qy~tj-(s, t) [RF@) - Rfy@)]} > 
Form factor decomposition 



La;;;) Q2, small Iti (DEEM): 

7-&0+ cc l/7 moment; 

M(q) 
3.Io+&- = 1/T2f l/T2 =+ the break-down of factorization for 

transversally photons. 

For flavor-neutral vector meson production, gluons contribute. 

s, E) (R;0(t) + R;‘g’(t)) 

V(g) 
+ 7-1o-l,,eds, t) (R;(%j - R;(g)(t))] ,> 

The form factors are related to SPDs at zero skewedness 

are still called l/z-moments of SPDs. 

In Compton scattering, the sum runs over all flavors, here the 

sum is over the valence quarks of the produced mesons. 

w - 4 mixing is small and ignored. 71 - qf mixing is taken into 

account. 

v = cosq+rls--sin4prls, 

rlf = sin#~ rlq +cos+p rls, 

take Cpp = 39.2’. 

In a frame A+ = 0 1 SPDs can be represented as overlaps of 
light-cone wave functions summed over all Fock states. 
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Form factors,scaled by t2 evaluated from the overlap model .-__ .___. -- .___ ..--. .-.- -I _.____. -----. __-..-- 

, 
:. 

Assuming a single ‘Gaussian kilLdependence of the sic@ Fock .;. 
state wave functions 

The form factors for individual flavors (a = u, d, s): 

three lowest Fock state contribution c&~=~~~~~)(zE) are evalu- 

ated from the light-cone wave functions (with a3 = a4 = 

CL5 = 0.75 GeV-I), higher Fock states is estimated by setting 

(UN = 1.3 a3 for N > 5) 

qn(z) are taken from th.e GRV parameterization. 

1 
: 

-l! 



They approximately behave as l/t2 in the momentum transfer 

region from about 5 to 15GeV2. With increasing It[ the form 

factors for ZL and d quarks gradually turn into the soft physics 

asymptotic cx l/t” 

The form of the meson’s distribution amplitude 

#&T) = 67(1- 7). 

For the meson decay constants 

f7r = 132 MeV , f,, = 216MeV, 

fU = 195MeV, f+ = 237MeV, 

for the decay constants of the states ng and T,I~ 

fq = 141MeV, f.$ = 177MeV. 
/ 

.*.:, 
Soft physics contribution to photoproduction of TO scal%!l by s7 -----_-.- _ -- 

1000 

z ; 100 

8 
n 
3 

75 
2 c/7 10 

1 

‘I+p-+7&p 

I 1 I I 

s=10GeV2 - : 

, , I I , i 
-0.6 -0.4 -0.2 0 0.2 0.4 0.6 

case 
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DLPhotoproduction of mesond 
Photdproduction cross section of pseudoscalar mesons 

da‘P _ 1 

i 

CF 1 
2 

dt -2 -%m ~%(c1R)fP(l/7)P~ 

X 

As compared to experiment (at s cz ‘l.0 GeV2) 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 (a/MD) estimate of 

the photoproduction cross section 

.(.i~:‘:..:~“....:.;‘..~.) _i . . . . -.. ,.,:, .: ._ <;* .,: . ..i’. ,‘,<... ‘< 

[I. Electroproduction of mesons 

d4&’ Qern S --- 
dsdQ2dtdcp = 16.rr2E~m2Q2(1 - c) 

Y L -w-va+P 

j 

0 2 4 6 6 10 

0” [GeV’] 207 
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The partial cro_ss sections for p” mesons (fi=20Gev) --_--- -----___.- 

The partial cross sections for p” mesons (&=40Gev) ?’ -- --..-.. - --.- ---. .--... -.- --.-----. _._. ^- --.. - ~. 

i 

\ 
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\, 

Longitudinal Electroproduction for other Mesons 

_,:.‘~ 
_.,... .” .’ 

“. ,. __.. -” 
,,_,,, _.I.-” 

..--, 
0.1 .- 

,,,,, 
” ..,... 

,._. ..’ - ..’ _. 
,_,,(,... .. ..“.” c 

0.01 t I I I I 

-0.6 -0.4 -0.2 0 0.2 0.4 0.6 

COS8 

11. Summarv t 

l 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 l/=-moments of SPDs. 

l The new form factors, can be extracted from experiment, 

provide information on the large momentum transfer behav- 

ior of the proton SPDs. 

l 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 Commiasioniw and Prosaects 
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 &?=500 GeV. PHENIX is 

one of the major detector systems at RHIC, consisting of two central arms (Iq 1 ~0.35 and 2 X 

,900@ coverage) and two muon arms (1.2~ I q I < 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 PHENlX have recently been 

presented at the JPS and DNP meetings. In this talk, I will give an overview of the Heavy-Ion physics 

run wit.h a particular focus on the detector needs and schedule for spin physics running. 
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PHFNIX btector 
Commissionina and 

0 
t 

Prospects fop 
Proton Running 

Kenneth N. Barish 
UC Riverside 

The show’s just beginning . . . 
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I PHENIX Physics Program 

I Relativistic Heavy Ion Program 
Characterize nuclear matter at 
high temperatures 

*Understand transitions 
between phases 

Or 
Excite vacuum and see what 
happens: 

-Deconf inement 
Shiral sym try restoration 

e 
Spin Physics Program 

,--A&&&, Sq, physics beyond standard model 

PHENIX Spin Physics channels 

Central Arms Muon Arms 

Phvsia PiDU3SS TriRRlX Phvsics PloCeSS Trigger 

Oked Photon EMC, h.T. Heavy flavor Mu-Id based 
X0 

AG 
asymmetries EMC, h.T. Il’-asymmetries .EMC,i:ili--i---i 

; 0. Heavy fhx EMC*R~~, I.T. 
J/Y Mu-Id based 

~Jly EMC*RlCH I.T ! :----------------.-----------~--~--. 

k/4 W-produotion EMC. h.T. Aqlq W-production Mu-Id based 
I------“----“---------------------, 

4 i +.-asymmetries EMC. LT., Mol. : 
I---.------------.----------------~ 

all Trigger bias EMC, RICH all Trigger bias Mu-Id pm-scaled 
pre-Scali?d 

K. Bwish 
UC Riverside 
14 Oct. 2oM1 
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32 pb-l ALL# 200 GeV IO (e, n+) 

290 pb-l A, 200 GeV y, xwd-, e, p, JL~, ep, J/v 

32 pb-1 A, 200 GeV II+ 

3 800 pb-’ A, 800 GeV W + above 

#Discussion on a short A, run in spin year-l 

I The PHENIX Detector 

complex 
apparatus to 
measure 
s Hadrons 

B Muons 

Y Electrons 

D Photons 

Executive 
summary: 
9 & 

resolution 

/ . 

“cm East Arm 
Central Arms 

North mum 

Coverage (E&w) -0.3% y < 0.35 
Arm 

k uon Arms 
Caverage (x4S) 
-l.% IyI a3 
-F. <+ <II 

aM(J/q~)=105MeV 
-bM@j- =18OMeV 

3 station CSC 
5 layer MuID (10X0 
p(p)>3GeV/c 

30’ <I+ [C 1200 

K. Borish 
UC Riverside 
14 Oct. 2000 
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ENIX Detector 

‘“‘i““.“‘,.‘.‘“:.~.~.:... : .,,., . . ._..: ~_ .,,. I\ ..:l%.,;?,‘>,.” 

Requirements for Spin Channels 

Physics Trkw 

Direct y EMC 

?ro Asymmetry EMC 

n+‘- Asymmeby EMCKUCH 

8 EMCIRICH 

w EMClRlCH 

P p-ID 

w p-ID 

J/y II ee EMClRlCH 

J/v 0 w p-ID 

w Dev EMWRICH 

w q pv p-ID 

Drell-Yan (e) EMURICH 

Drell-Yan (d _ p-ID 

I Detectors (Required/Helpful) 

EMC, DCH. PAD 

EMC, DCH. PAD 

EMC, DCH. PAD, RICH, TEC 

EMC, DCH, PAD, RICH, TEC. MVD 

EMC, DCH, PAD, RICH, TEC, MVD. I p 
arm 

1 paml 

1 parm 

EMC, DCH. PAD, RICH, TEC 

1 paml 

EMC, DCH, PAD, RICH. TEC 

Zparms 

EMC. DCH, PAD, RICH, TEC 

1 gtarm 

215 



.,~~‘:?.~...‘~*i.\.,.l.~.‘.:i . ..l.. ,.:.,:\ : . ...:, -,;“‘..~..“~.,‘.~r .:.1.. 

Year- 1 Configuration 

PHENIX in Year-l 
s 12 subsystems at least 

partially commissioned. 
m Over 200,000 channels 

Run/Luminosity Progress %n Year2000 1 
March thru June 

>) RHIC Machine studies 
w Detector Commissioning 

June 15, 2000 
s First collisions (~30) 

Initial Operation (~70, 6 bunches) 
B 500,000 Minimum-bias 

triggers 
Final Operation (~70, 55 bunches) 

s 45,000,OOO Min-bias 
triggers (4.1 mb-I) 

5 Million Events Taped 
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, 

Reading out the Same Event! 

BB and ZDC Counters 

- Tungsten/quartz 
fiber hadron 
calorimeter 

- only forward neutrons 

. Luminosity monitoring, 
min. bias triggering 

- ZDC’s the fame for all 
intersection regions 

Single 
neutron 

-peak I 
Coinci en 
___>LL n r 

217 
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Beam Beam Counters 

BBC (beam-beam counter) 
* start timing, vertex location 
B multiplicity 

c 

Correlations with ZDC 

Large fragments, small number of forward neutrons 

Mostly participants, small number of forward neutrons 

I I , ZDC Energy (a.~.) ZDC Energy (a.~.) I 
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Tracking and Alignment 

I --- 
\ 

time expansion chambers 

PHENIX preliminary 

219 
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ET Analysis from Calorimetry 

One-fourth of azimuthal coverage used for this analysis 
* Cmwsponds to 5184 5x5 cm2 towers 
s Minimum-bias trigger includes 7.2b strong, 3.7b mutual-Coulomb 

dissociation 
Energy scale and e/&p response checked at A65 61 CERN, l-70 6cV 
Upper left shows correlation of ET with Ezoc, expressed as # neutrons 

Upper right is da/dET for minimum-bias trigger 
, is 570 6e.V +/- 10% for 2% most central 

K. Wish 
” UC Riverside 

Particle Identification using Time Of Flight 

‘imo of Flight array 
s 1024 slats, PMT each end 
2) Covers 1 EMCaI sector 

u Presently cl2Ops resolution 
- Amplitude-slcwing not 

corructed 
I--- . ..< I.. - . ..>...... 

I ---,---I 

Tracking system usad for 
momentum reconstruction 

D Track association and momentum 
resolution still improving 

Resulting spectrum shows 
)) Both charge signs e/&/p 
* Separation to -2 6eV/c 
> Good signal/background!! 

220 



Identified Charged - Hadron m,- m. Spectra 

TCO Identification and pT 

iwo photon invoriont moss 
spedturn analyzed os 
function of poir pr 

Jbscrve expected peak at d 
moss 

221 



: .- 

,.,,. _ ,,-.. :.. ,, I 

pT Spectra of z” and tM Clusters 

Inclusive EM clusters 
shown on left side 
(“almost photons”) 

pT spectra of d on 
right for minimum- 
bias collisions 

* compared to 
WA98 d spectra 
for 10% most 
central collisions 

)o WA98 is 17 
6eVA Pb+Pb 

w PHENIX inverse slopes larger, already for minimum-bias events 

* PHENIX finds T=303 fll (stat) it 67 (syst) McV for ~0 slope parameter 

* WA93 value is 130 MeV for low- pr, rising to 260 MeV for large. pr 
7, 

Electrons via RICH 

RICH for electron tagging 
sp Field-off runs, look for 

converted y, results in 2 
overlapped rings 

n Rings and tracks found aligned 
* Pulse height as expected from 

test beam data with RICH 
pmMRLI,*wu a 

K. Barish 
UC Riverside 
14 Oct. a330 
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PHENIX Spin Readiness 
,. 

betector 
Fully instrumented Central arm and South Muon arm should be 

commissioned before spin run 

Trigger 
Central Arms - Upgrade needed to 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 to 12.5KHz for next year 

Start Time/Luminosity Monitor Needeal 
Beam-beam good enough? 
ZDC, MVD, or EMCal? 
New large coverage counter? 

Year-l of Spin 

tion at midrapidiiy 
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p.10 Commissioning 

= 29 channels/layer 

. Chambers are working well 

. Hit rate is consistent with simulation 

re reconstructed 

Multiplicity and Vertex Detector 

MVD installed July 13, 2000 

Silicon strips and pads 
Centrality sklectioi and 

event by event fluctuations 
-2.5 < dNch/dh ( 2.5 

“‘; 
! 

Several MCM’s put into main data 
Stream at end of run F’ !! 

j -‘l.\>q 
rbl 
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Triggering Needs 

The PHENIX trigger was designed for Heavy Ions: 
* For Heavy-Ion, data reduction done in Level-Z 

A=200 6eV, 

(r =6 barn , a Raw Rate =l.Z KHz 

L =2.10" cmeZs-' 

* But in proton-proton interaction rate will be high 

A=500 6eV, 

CT =60 mbarn , a Raw Rate =12 MHz 
L =2.10n cm-*s-' 

, 
B Expected Level-l bAQ Bandwidth is 12kHz I 

* Need to be shared among 10 different physics channels 
- A rejection factor of 10,000 is needed in Level-l to fully utilize beam 

K. Bar&h 
UC Riverside 

EMCal Trigger 

I &=200GeV no trigger efficiency 

Threshold on EMCal can be used 
to trigger on high pT photons 
and electrons. 
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: .J._ ..: 

/: 

i 
1 

x0 and direct y Production 

EMCaVRfCH Trigger 

I 

EMCal and RICH 
detectors can be 
used to form a 
powerful central 
arm electron and 
hadron trigger 

226 



_.. .. . 1 
Triggering on Electrons 

Heavy Flavor Spin Plhysics 

221 



Icavy Flavor 
Production: 

Heavy Flavor Spin Physics 

ar b 

V 

Tog as: single e, e-mu, e-D coincidence 

Most Events Below 2 f&VI 

For jcft~ =32pb-’ 

6.8x106e fromdT: 

0.6x106efrom bij 

with pr >0.9 GeV 

r---I 

Triggering on Hadrons 
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Charged Pion Asymmetries 
cehpu . 

Ron Asymmetry 
Trigger Requirements: 

:g 

,/---- 

Jets with high z pions: ---.-- 

o High EMC Multiplicities 0 2 4 6 8 to 12 14 ly,c$a 

at low threshold GSBS Nl.0 (4) 

o RICH hit 

3omo 

6595 NLO (B, 

Simulations performed by Y. 6oto 

Transversiv Measurement 

Trigger Requirements: 

Jets with high z pions: 

o High WC Multiplicities 

at low threshold 

Talk by M. Grossc Rerdekomp 
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Trigger on Muons 

Single p 
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Flavor Decomposition by W 

Muon withp?20 G~v/c 
dominated by W 

1.0 

3 

0.5 

Wf W- 
aecqptance ICE mm w/ pr > al c&v/, 14% 4% 
yield (both muon arms) 51w 5ml 
AAL (&&lcd anly) 2% % 0 
rapidity mmge 0.78fO.34 0.7kto.41 
bnc!qvmd km Z-decay lu!l5(21.5%) !J84(17.6%) 

------ GS95LO(A) 
- BS(&=O) 

Conclusions 

This is a very exciting time 
* Year 2000 Heavy-ion run smashing success 
D Central arm tracking electrons will be complete for 2001 

Spin run 
* South p arm currently being installed 
* Trigger system undergoing upgrade for spin physics’ 
* Remaining spin-specific detector/software issues will be 

addressed 

PHENIX will be ready to take advantage of the Year- 
2001 polarized proton run 
>> Expect to make AC measurement in ti channel 
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The STAR Level-3 Triwer Svstem - Year 0 ExDeriences 

Jens Soeren Lange (Frankfurt University) 

Abstract 

The level-3 trigger system at. the STAR experiment performs full online event reconstruction for 

Au+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 t,rack hiding. 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 multiplicity cent,ral Au+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 (J/v e+e- and n tie- >. 
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.’ 

_ i - . . i. j The STAR Level-3 Trigger 
Year-O Experiences 

Jens Sk-en Lange 

::. (Frankjim University) 
for the STAR L3 group 

. WhatisL3? 

. Year-O experiences 

- L3 cluster finder 
- L3 track finder 
- “real” Year-O L3 Triggers 

- z vertex in central Au+Au, 
- cosmic reject for peripheral Au+Au 

- some L3 events: 
pile-up, beam-pipe interactions, jets . . . 

l Year-l prospects 
(what about L3 + pp/spin ?) 

-L3+EMC 
- pile-up filter (raw data reduction) 

Jens SGren Lange The STAR Level-3 Trigger - Year 0 Experiences RSCKyoto,10/14/2000 
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STAR L3 Group 

Clemens Adler, Jens Berger, Thomas Dietel, Dominik Flierl, 
Jens Siiren Lang’e, 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. Birmingham 

Jan Balewski 

Univ. Indiana 

Dieter Riihrich, Anders Vestbo 

Univ. Bergen 

Aya Ishihara, Joe Schambach 

Univ. Austin, Texas 

Jens S&en Lange The STAR Level-3 Trigger - Year 0 Experiences RSCKyoto.10/14/2000 
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Short comment 

A.Ogawa 
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‘. . . Coherent Interactions 
Refa&$$ic heavy ions are 

sj//tj~source of fields 

Exclusive reaction 
Large Impact parameter 

.: 

EM field 
L,,ccZ4= 4.~10~ (Au+Au) 

Colorless strong force field 
(pesons,Pomerons) : 

L y(M,Pj = Z2 A20r413 

Low multiplicity = 2,4 or 6 

Low pT <l/R=30MeV, 

Energy I?Yya <y/R=3GeY 

Stirnmer 2000 STAR trigger 
LO .: _... Look at CTB/ZDC at every bunch cross@g - 9M Hz 

t’$@!-fB worked fine resolution doti to 1 MIP 
Flexible DSM Topological cuts/coincidence/vetoing 

CTB North-South coincidence Require back-to-back 
with O< 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 

LU2 : 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 1Ocm to beam Cut cosmic 
Tracks go cross beam at jz/ < 2m Cut beam-gas 
# of “good” tracks < 15 Cut beam-gas/pile ups 
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Trigger Iktectors 

Zero-degree 

,_ I’ Calorimeter: East 

Level 0 Analysis 
mc) 

\ 

i 
1 

I 
/ ? 

---* 
!---- -..- -L-------L ---,-.--- ___, 
~~----- , .__-...._ --i___--_~ .^___ 1 

I 

I 
-------yi--?=-i 

Dcbrw Centd Trigger B,mel (CTB) 

Zrta;-dtipe 
Calorimeter: West 

~ZLi2) 

EMC will be in 
the same tree 
once instaled 

Overlapped (pile up) AuAu high multiplicity event orrtop of 



Au’+Au+Aw+Aui-p’ 
event candidate 

LO-DAQ worked >5OHz 
Topological LO trigger 
(CTB North South coincident 
+ multiplicity cut) 

20-3 OHz 

Trigger -DAQ - tape(HPSS) I+ 
-30Hz 

L3 reconstructed tracks 
(for low multiplicity events) at 
L3 reduction to 

- 2Hz 

:e 

'01 

: : 

---I_- _- - __ ..--.- 
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I Short comment 

H.spinka 

.“. . . 
- . 

. . 
.bS .,Z,.~ ..,,<,. :. 
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Polariied Jet Tawet for Absolute Measurement 
of RHIC Proton Beam Polarization 

T. Wise for the RHIC Jet Polarimeter Group (University of Wisconsin, USA) 

Abstract 

We will discuss the design of a polarized atomic hydrogen jet target, combined with a polarimeter 

C’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 (&El) and the BRP will be presented 
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Beyond Standard Model Physics at RHIC 

Jiro Murata (RIITEN) 

Abstract 

One of the most vit.al 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 W* and z’, and (3) CP.violation. In the theoretical work [1,2,3 1, it is shown that RHIC 

can reach a similar sensitivit.y 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 

interact.ions bet.ween quark-and lepton-subconst.ituents, is included in it. However, as same as for all 

other sub-processes, PYTHIA includes only helicity averaged cross sect,ions for the contact interaction. 

The author developed a plug-in program “POLEYOND” for PYTHIA by which helicity- dependent 

matrix elements and spin asymmet.ries for Drell-Yan and quark scattering process‘can be examined. 

Fig. 1 shows the expect,ed single spin asymmetries 

AL = fd-1 - 0 (+) I/ { d-)+a (+I I (1) 

at RHIC (fi=SOO GeV) in p+p- 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 (&“)=(I +Q 2/A”)-]. ,where F (Qz) is a “form factor” of the quark or lepton. 

Helicit.y-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 

asymmet.rieB were estimated using a weight.ing method. The weight. factor consists of partonic-level 

helicity-dependent cross sections, polarized and unpolarized parton dist.ribut.ion- funct.ions. The event. 

generation was cont.rolled by the unpolarized sub-processes, which are already included in PYTHIA 

for fermion pair creation via p/Z product.ion including contact interaction effects. The present result 

shows that. we can expect to observe an anomalous parity violation if h-l TeV , however. at least the 

realist.ic acceptance for a detecbor 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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Parity Via&m in Jet Prodtin by Contact lnteradhn at FIHIC 
lPYTHlA+PXXBClOND 

Figure 1:Single spin asymmetries AI, are plotted as functions of Drell-Yan Mass with selections 

of A =1,2 ,3 ,4 ,5 TeV and for the case of the Standard Model (A.-+w) obtained by PYTHIA 

POLZYOND. Present results are for the reaction of pp*p+p-at & =500 GeV, with a 

constructive interference between the Standard Model and lefthanded contact 

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 THVATRON, 

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 sensitivi&, which is higher than the 

current limit of 2.7 TeV, within original 

&=5OOGeV with 800 pbl 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 observation of 

an anomalous parity violation would directly 

indicate the presence of new physics. 

B-wlii 
-? I 

-0.0x - 
0 26 4” In 80 IO0 **o 140 m I*0 200 

.Wm (GeY/c’J 

Figure 2: Parity violating double spin 

asymmetries A: are plotted as functions of 

Jet P t for @=500 GeV with 800 pb-1 and 

fi =650 GeV with 8000 pb-1. 
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Improve factor 2-3 using AL 
Anyway Need Huge Luminosity 

AC 1.2 TeV : 800 pb-l 
A< 2.2 TeV : 8000 pb-1 
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SUSY, String (E6) -> additional U(1)’ 
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(Model Dependent) 
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Matrix Elements 
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x Procedure of including polarized 
BYSM effects into Pythia has been 
established. 

# Obtained DY Mass dep. of 
Asymmetries, Pt dep. Jet 
Asymmetries were obtained. 

x CI in DY need huge luminosity 
(Sufficient for pol-PDF study in SM) 

# CI in quark sector can reach 
A -6TeV with 8000pb-1, 650GeV 
upgrade. 

X Including new gauge bosons Z’,W’ 
is also possible for DY and Jet. 

x By the UPGRADE, WE CAN BE A 
VERY HIGH ENERGY FRONTIER !!! 

J 

10/14/2000 
Jiro Murata 

*:L(44q4) > 2.4 TeV. CL = 95% 

~~L(zm,q) Z 5.0 TeV. CL = 95% 
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