BNL-71300-2003
FORMAL REPORT

- Proceedings of RIKEN BNL Research Center Workshop Volume 48

RHIC Spin Collaboration
Meeting XIV

December 20, 2002

Organizer:

Brendan Fox

REKEN BNL Research Center

Building 510A, Brookhaven Natlonal Laboratory, Upton NY 11973-5000, USA

OFFIGIAL FILE COPY



DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United
States Government. Neither the United States Government nor any agency thereof, nor
any employees, nor any of their contractors, subcontractors or their employees, makes
any warranty, express or implied, or assumes any legal liability or responsibility for the
accuracy, completeness, or any third party’s use or the results of such use of any
information, apparatus, product, or process disclosed, or represents that its use would
not infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof or its contractors or subconiractors.
The views and opinions of authors expressed herein do not necessarily state or reflect
those of the United States Government or any agency thereof.

Available electronically at-
http://www.doe.gov/bridge

Available to U.S. Department of Energy and its contractors in paper from-

U.S. Department of Energy

Office of Scientific and Technical Information
P.O. Box 62

Oak Ridge, TN 37831

(423) 576-8401

Available to the public from-

U.S. Department of Commerce
National Technical Information Service
5285 Port Royal Road

Springfield, VA 22131

(703) 487-4650

@ Printed on recycled paper



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
Kenkyusho" (RIKEN, The Institute of Physical and Chemical Research) of
Japan. The Center is dedicated to the study of strong interactions, including
spin physics, lattice QCD, and RHIC physics through the nurturing of a new
generation of young physicists.

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

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

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

T.D. Lee
November 22, 2002

*Work performed under the auspices of U.S.D.0O.E. Contract No. DE-AC02-98CH10886.
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Summary of the AGS Polarization
Workshop
(Ann Arbor Highlights)

T. Roser, BNL
‘December 20, 2002
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RHIC Spin Collaboration Meeting XIV
RIKEN BNL Research Center



Ann Arbor Workshop Highlights

Experience with Existing Facilities
AGS depolarization
Strong Snake

Weak AGS resonances

, L ' Thomas Roser
BROOKHEVEN ~

NATIONAL LABORATORY RHIC Spin Collaboration Meeting
= December 20, 2002



Experience With Existing Facilities (1)

COSY (A. Lehrach)

Gy(max)=~7; P=75%

50 MeV injéction energy; 1elO protons

Correction dipoles (spin flip) and tune jump quads,

Problem: marginal tune jump for strongest intrinsic resonance

KEK PS (C. Ohmori)

1986 Gy(max) = ~8.4;P=40%

1988 Gy(max) =~ 11.2; P=25%

Depolarization in Booster (500 MeV) and PS corrected with sextupole
Correction dipoles and pulsed quads

Problem: strong intrinsic resonances, tune jump small
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Experience With Existing Facilities (2)

1980°s AGS (L.A. Ahrens, A.D. Krisch)

1986 Gy(max) =41.5; P =45% 60 p1 x,y emittances are exchanged
1988 Gy(max) = 35.5; P =45% 25 pi

No Booster; Intensity about an order of magnitude lower.

Corrector dipoles and tune jump quads, set-up using polarization info.

Problem: long tuning time, marginal correctors and tune jump at high Gy,
loss not understood (!)

1990’s AGS (TR, H. Huang, M. Bai)

2000 Gy(max) =46.5; P=41%

2002 Gy(max) =46.5; P =35%

With Booster, high intensity source

Partial snake and rf dipole, set-up using beam info.

Problem: coupling resonances, weak intr. resonances, but loss understood (?)

BROOKHEAVEN
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Internal Polarimeters

(C. Ohmori, A. Lehrach, G.M. Bunce)

KEK (pp elastic [inclusive]): 150 um Carbon target, 220 wm polyethylene
target, polarization measurement on ramp ( ~ 60 min), ~ 20 min. for 5%
measurement

COSY (pC quasi elastic): 8 wum Carbon target, polarization measurement on
ramp( 10 - 20 min), few minutes for 5% measurement at flat top

AGS (old, pC quasi elastic): 7 x 8§ um Carbon target (100 um Nylon target),
10 min. for 5% measurement at flat top

AGS(new, pC CNI): 0.01 um x 500 um Carbon target, polarization
measurement on ramp (~ 60 min), 5 seconds for 5% measurement at flat top

BROOKHAVEN

NATIONAL LABORATORY



- Overcoming AGS Spin Resonances

Imperfection
1980°s 96 corr. dipoles
1990’s 5% solenoid snake
Plan1  25% helical snake

Plan2 5% helical snake

Plan3 5% solenoid snake

BROOKHEVEN

NATIONAL LABORATORY

Strong Intr.

10 pulsed quads
rf dipole

25% helical snake

rf dipole

rf dipole

Weak Intr.
10 pulsed quads
Did nothing

25% helical snake

4-8 pulsed quads/
Intr. spin matching

4-8 pulsed quads/
Intr. spin matching

Coupl. Res. Set-up info
N/A Pol.

Did nothing Beam/Pol.
N/A Beam

N/A "~ Beam/Pol.

Hor. rf dipole (?) Beam/Pol.



25% Partial Snake

(TR, H. Huang, E.D. Courant, W. MacKay)
Pro:

e Can overcome depolarization from all resonances
o (Including sidebands and higher order)
¢ No tuning based on pol. Measurement

Con:

e Large perturbation of lattice -> Need additional matching quadrupoles
e Vertical tune close to integer

e Stable spin direction not vertical -> Need injection and extraction spin matching
schemes (extraction to RHIC looks OK)

e Never tried before!
[ Horizontal intrinsic resonance due to horizontal stable spin direction is weak]

BROOKHEAUEN

NATIONAL LABORATORY



Strong Partial Siberian Snake for AGS

A strong partial Siberian snake
generates large spin tune gap for
Gy=N. With strong enough
snake gap is large enough to
cover both imperfection and
intrinsic spin resonances.

Helical snake will not generate
coupling spin resonances

W,

Note: With a strong snake, the
stable spin detection will deviate
from vertical direction

(18 degree for 20% snake).

BROOKHEUEN
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Test results with 10% snake at 0 + v

The difference between 060 e e T ———-
the red measurements and | —-— Polarization at AGS injection
: : Simulation results
blue l?ne is due to the 040 | @ Exporiment data |
coupling resonance and _
tilted stable spin direction. 0.20 L
o
(o]
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. N » .
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Gy=36+v, £=0.011
64 ptrs w. 10 * mm-mrad emittance

Modeling of AGS resonances with 20% Snake

Gy=0+v, =0.0067
64 ptrs w. 10 * mm-mrad emittance
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~25 % AGS super-conducting helical snake

ix with changing pitch

15 ¢cm warm bore

Hel
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Design of ~ 25% partial snake

Changing pitch helix

Horizontal orbit offset

~ 4 cm max. excursion ' gzj
- 0.02

Central solenoid for 1 0
coupling correction | =0.02
-0.04

BROOKHEUEN D

NATIONAL LABORATORY _ 0 1 2 3
' 7 [m] AUL Tsnake15_2.5
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5% Helical Partial Siberian Snake for AGS

Weak helical dipole snake:

9.25

No or little coupling 920}
945t

Use rf dipole for strong intrinsic a0}

resonances

P 9.00

Use jump or spin matching for

e e 8.95
weak intrinsic resonances

8.90
8.85
8.80

8.75

8.
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Spin Tune for a partial snake

— 5% sniake
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—— 0% shake
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ST

Full twist helix plus two dipoles

1.5 Tesla full twist helix plus two vertical dipoles

6 ends -> not enough space

0.02 i I
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Design of ~ 5% partial snake

Changing pitch helix
with1.5T

~ 2 cm max. excursion
-> Y4 of coupling,
sextupoles,... of 25%

snake

Central solenoid for
coupling correction

Fits into 10-foot SS (I10)

BROOKHEAEN

NATIONAL LABORATORY
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Overcoming weak intrinsic resonances

Betatron tune jump( M. Bai, A.D. Krisch):
Works well up to € ~ 0.002, rise time: 10 — 100 us
Possible beam emittance growth

Harmonic spin matching (A. Lehrach, V. Ranjbar):

Tested at COSY. 12 quads in location 15 (and/or 5) -> zero res. strength

i_ 0.2 5 tune Variations Weak Intrinsic Resm;;:::::l?';fith 15th Quadrupole
[I,IJ[HB}

Energy jump:

Inexpensive, jump speed too small

Resonanoe Strength

Rf spin rotator: (D.W. Sivers)
Requires too strong rf magnets

0.0602
Ll . 00002 “g A
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e
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) 00ud 0008 02 6016 06z oo
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Proposed Plan

o Build warm helical 5% snake w/o coupling for installation before Run 4
= No coupling resonances (~+ 20 % pol.)

o Install quads in #15 straight sections with power supply before Run 4
» Reduced weak intrinsic resonance strength (~+10% pol.)

» Explore possibility of using jump quads
» Eliminate depolarization from weak resonances (~ +15%)

« Build cold helical 25% snake w/o coupling for installation before Run 5
or maybe Run 6

» Will take time to commission, large effect on orbit properties
» Can eliminate depolarization from all resonance.

= Only alternative method to overcome strong intrinsic resonances
(Intensity effects and other sources of tune spread can effect rf dipole
method!)

BROOKHEVEN

- NATIONAL LABORATORY



Draft Agenda | 3 Nov 2002
November 6-9, 2002 Workshop on Increasing the AGS Polarization

Thursday, November 7, 2002 (Spin Physics Center, 1239 Kipke Drive)
Chair Ya S Derbenev JLab

09:00 Welcome and Introduction (15 min) ADKirisch  Michigan
09:20 RHIC and AGS Polarization Facilities Status (60 min) T Roser Brookhaven
11:00 AGS Beam Optics with a 20% Siberian snake (25 min) ED Courant Brookhaven/UM
11:25 Discussion (35 min) ADK - leader
12:00 AGS Polarized Beam in the 1980’s (25 min) L A Abrens  Brookhaven
12:25 Discussion (35 min) TR - leader
13:00 Lunch

Chair L C Teng Argonne
14:30  RF Dipole for Strong Depol. Reson. (25 min) M Bai Brookhaven
14:55 Discussion (35 min) ADK - leader
15:30 Overcoming Depol. Reson. at COSY (25 min) A Lehrach COSY
15:55 Discussion (35 min) TR - leader
17:30 20% Snake in the AGS (25 min) H Huang Brookhaven
17:55 Discussion (35 min) ADK - leader
18:30 End

Friday, November 8, 2002 (Spin Physics Center, 1239 Kipke Drive)
Chair YuF Orlov Cornell ’

09:00 New AGS CNI Polarimeter (25 min) GMBunce  Brookhaven
09:25 Discussion (35 min) TR - leader
10:00 Matching of Siberian Snakes (25 min) G Hoffstaetter Cornell
10:25 Discussion (35 min) ADK - leader

Chair W B Tippens DoE
11:45 Pulsed Quads to Minimize Weak Intrin Res Depol (25 min) M Bai Brookhaven
12:10 Discussion (35 min) TR - leader
12:45 2003 OPPIS Polarization Upgrade A N Zelenski Brookhaven
13:10 Discussion (35 min) ADK - leader

16:00 Spin Physics Seminar in room 335 West Hall (Main Campus)
“Deuteron Spin Flipping and Quantum Mechanics” D W Sivers  Portland Phys Inst/UM

Saturday, November 9, 2002 (Spin Physics Center, 1239 Kipke Drive)
Chair V K Wong Michigan
09:00 AGS Lattice Changes to Eliminate Weak Res (25 min) ALehrach COSY

09:25 Discussion (35 min) TR - leader

10:00 Cross Strong Intrin & Coup Res with Hor RF Dipole (25 min) M Bai Brookhaven
10:25 Discussion (35 min) ADK - leader

11:00  Coffee

11:30 Quantum Mechanical Model of Spin Flipping (25 min) B B Blinov  Michigan
11:55 Discussion (35 min) TR - leader

12:30 Roundtable

13:15 Lunch
Chair A N Zelenski Brookhaven

15:00  Spin Matching with a 20% Snake (25 min) W MacKay  Brookhaven
15:25 Discussion (35 min) ADK - leader
16:00 Open ADK - leader

17:00 Coffee

Chair C Ohomori KEK/JHF
17:30 ‘Workshop Highlights and Discussion T. Roser Brookhaven
18:45 End

19



‘Status Report on the Accelerator Run-03
Preparations

L. Ahrens, BNL
December 20, 2002

for
RHIC Spin Collaboration Meeting XIV
RIKEN BNL Research Center
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Status Report on the AGS CNI Polarimeter

I. Alekseev, ITEP
December 20, 2002

| for
RHIC Spin Collaboration Meeting XIV
RIKEN BNL Research Center
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v 8-bit amplitude and integral

v 1.2 ns time resolution

v" Bunch # information

v Windowed sensitivity with 2.4 ns precision

v Digital filter

v Time/amplitude and integral/amplitude LUTs

v LUTSs programmable trough CAMAC

v Bunch pattern memory |

v 5 always accessible scalers (P+,P—,P0, 2*BG

v 120 ch bunch distribution

v' 3%]128 ch amplitude distributions for P+, P— P0

4 3)“*% 2 o1 16%64 amplitude versus time histogram
v Crate or front pancl 'ITNI;*IIBI‘I"-S!‘Qpﬁ; event recognition
v 16 MB of onboard SDRAM ~ 2.5:106 events

v Special input for Gauss C lc‘)ok Counts

v’ Zero deadtime

v Flexible FPGA. configurati

| RSC' | Mee 5"1?79




Expected pedbrmance  RSC Meeting

F@ Ramp measurement: 2.4 -24.5 (reV/c
» BEvent rate comparc to RHIC:

RHIC | AGS | ;}?my
o ((a0-bunc3h mmie) _ (6~btzm,}1 med(:) o
Targetwidth |  ~10wm | 500pm | 50
Bunch frequency | 4‘7 Mz | 23MHz | 05
(-acceptance o 3200 40| 014
Beam (f:nv_c::rgy'~v R 100 (_mV 25(:@“\7 05
Bunch fﬂlmgj - T  ". | 1s00 15
Total | 6-10° @V@ﬁtg/s | 1.6:106 cvents/s | 2.6
» CAMAC readout ~ 105 cvents / 3s ~ one spill.
» 5-108 events per ramp measurement ~ 500 spills - 10° events ~ 40 min.
» Radiation damage to silicon, The whole RHIC statistics ~ 20 ramp
measurements: one day |
» Bvent rate per strip ~ 0.1 event per bunch cros &w




Current status |  RSC Meeting

DONE:
v'Silicon detectors, preamplifiers and BIAS power supplics are installed
in the ring and tested.
v Insulation transformers and shaping preamplifiers are installed in
HITL.2 and tested.
v A new 2.5 GHz PC, CAMAC and 6 WFD modules installed in HI'TL2
and tested.
v LeCroy 2367 universal module programmed to produce all necessary
spill timing signals and prescale GCC.,

TO BE DONE:
» (et proper signals from AGS.
» Giet, install and test frequency multiplier.
» Write DAQ and analysis software,







Summary/Outcome of the Jet
Target/Experiment Review

Y. Makdisi, BNL
December 20, 2002

for
RHIC Spin Collaboration Meeting XIV
RIKEN BNL Research Center
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REIC Polarized Jet Target Review

November 18-19, 2002

BNL Collider Center (Bldng. 1005), 37 L. Conf. Reom

Monday Noventber 18, 2002

0830
19:00
09:20
09:50
10:30
11:05
11:35
12:05
13:30

14:00

15:00
15:30

15:45

16:30
17:00
17:30

18:00

Exccutive session
Stams of RHIC as # polarized preten collider
The Jet Target: staws und plans:

Response to the Reviow charge
Jet design considerations:

The concept, Intensity, resonances
Break
The holding field mapnet;

Design, and fabrication plans
Impact on RHIC:

target chamber, vacuwum, RF impedance

Working Luach
Mechanical Assemblies and Instailution @ 12 o'clock

Beam Polarization measureinent with recoil arms:
physics, detectors, simlations stals, sysi. elc.

The DAQ and WD systems
Break

Target polarization measurement:
BRP stage and systematics

Combined measurements beam and targer
The P-Carbon CNI polarimeters and sylemetics
Summary and discussion

Commitice Execntive session

19:30 Committee Dinner (Y. Makdisi, host)

Tuesday November 19,2002

08:30 RHIC tour {meet at 10035}

10:60 Additional presentations if necessary méﬁ e

11:00 Preparing draft reports

12:00 Working Lunch e
13:00 Closeout with the collahoration e /]
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Thomas Roser, BNL
Yousef Makdisi, BNL

Tom Wise, Wisconsin

George Mahler, BNL.

Anatoli Zelenski, BNL
Tohn Riter, BNL

Alessandro Bravar, BNL

Dmitry Svirida, ITEDP

Tom Wise, Wisconsin
Ed Stephenson, IUCF
Gerry Bunce, BNL

Makdisi/Bunce
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The RHIC Polarized Jet Target Review

Brookhaven National Lab-
‘Q’nwmher 1819, 2002

¥inal Praft — Final Draft —— Final Draft
The RIHIC spin physies prograng hay been from the beginning a nnique oppottu-

nity and an importans.component of the overall REIC physics program: Essentinl
o this- spin physics program are the pelarized proton beams which enable the

studios of spin physics. phenc:muena m high eoveay collisions. The technical.chals

lenges to be faved to-realize this program include the production sud scceleration '

‘of the polarized heans, manipulation of the &pin dirdction at the interaction
'_pumtb, and the acourate messurement of the beam polarization and related asym-
‘mictrien. This reviviv is focused on the RHEIT Polnrized Jeb Target, which is thé
veyst;ﬁm chostn to provide absolie pcﬁamnutw for RIIC- proton beams;

'Fhumas Ludlam convened the Review mei Fuisl hwpmbm 18-1%, 2002 to revic
the atatus of the RHIC Polarized Jof an,ger, predect. The a,hzu‘;,v p,xvcn to the
Panel asked us to assess:

) 1) Thie design-criterid and technical issues sssociated with the devel-
Spmoent af the: p&}&rww} hyedrosen jes target. This is toinclude. progress
-atbuined so far, engineering design and integration, instaliation plans, im-
-pact:on the RHIC huninesity petformance, sr:hedu’im and cost éstimates.

— 2y The propospd plan to measure the polarization of the atomic hy-

L

drogen jet and the -:zrcuiatsng proton besm as well us the expected hack-
grounds and the resulting systematic errors. Is the.goal of & 5% absolute
proton beam calibration st & beam energy of 100 L0250 GeV feasible, and
is this sufficient.fo carry vut the proposed physics program?

The Committee was chaired by Charles Prescott {SLAC), with the following panel
members: Thomas Clegg {North Caroling/TUNL}, Dicter Evershéim (B-smn);
David Lynn (BNL); Hans-Otto Mever {H,CF} anul Hal Spinks {Arﬂronne} The
schedule of talks presented to'the: Panel is appended to this report.

SUMMARY anp sssponse To CHARGES

For the Review Panel, this meetm., was the first oppartunity to see- the plans for

the Polarized Jof Target Project.. It ulse offered the Danel a chance toses thie

status of the RHIC progiam-and to meet snd talk to-the collaboration members
‘nvolved in this program. In- ‘the past 20 ¥ears, polarized targets bave been implé-

‘mented at A number of faciiilies arcund the wotld JBrockhaven Has considersble
experience with the i‘echnnmgteq involved and with other types:of- palarzmetem‘

i
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and with the. help. of experienced ‘collaborators: from outside institutions, has
pulled together an optimal design for 2 RHIC pol ;mmfvt;erj

With t{‘gal‘d to:the first, part of the. Char'*&. serions work on bmlﬁmg the.systams
started in early: 2092.[Df-mgn of the meny companenls of the target Tequired

__E’rﬁrst, optimizing the specilic ; ecmetrv positioning, and sizes of the internal coms

Tealized. ]

pOuEnts. Magmvh(* Reldls and field eleinents. were also optimized for. the RHIC

"reqmrements. This work was- imgolv dore at Wisconsin, Aithuug,h this work

Treded np maiungg clesigm elivlees; the result Tooks very promising {in mmuta!;x«:m) for

.s:gmﬁaunﬂ} inereasing the Atoniic beant deisity vver that vhiained in previous,

similar- targets. | .'KHIL polarimetry will bonefis aonsider ably i thiese guius. are

On the other hand; construction has heen siow to pet started. At the request

of the Panel, dn updated scheditle was géoetited on the evening of the first day
and. provided the néxt marniag for discussion. The schedule shews work on the
numerous components going on i pamiio! ’&tam' componints oust be sched-
uled for fabrication and délivery in the next smemi months. - This work needs
close matchmg 10 assure mecting the stated goad of wmzm.,smmng beginning in
‘May 2003 and installation: in BHIC for o (Iry n in November 2003 Blrong
mﬂnagemmit crvc,,razgrht i rf:quue&,,

The main recommendation is theréfore:

Me:rmfy a fuliwtzme Pafanzed Jet Targnt Manuger Lo stort imme-
diately and cuTry the pmgec'é *fz*&ug?; to initial eperation.

Regarding ‘costs, the Panel was showst o list of technical components and -esti-
mates of their costs. Without more dotailed inforraation; we were not able to
assess the accursey of these estimates. The contitigency. is sef at 19%, ‘which-
appears to.the Panel to buiow. This part of the cost probably should be raised.
The understanding of the costs and the budcen should be an early task. of the
project mansager.  The fisusl appiench te: & cost review swguld be to look at the
Work Breakdown Structure, in-which the major systems are broken down § intothe
lower levels of detail. Cost contingeney is asszgned to each subsystém Somponent,
according to its status in the design pha% pmcuremarﬂ: pha.se &t

A second recommendation is therefore:

The RHIC’ MANGGEMENE should call for fumm revigws &f the Po-
larized. Jet Tovget Prijecl; at6 months and 2 maonths. fmm nou.
‘These reviews: should be ammawiy focused on cost, . schedule and.
progress toward: the tamefy completion af pam truction and-the com-
misstoning of the project.

B
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A 1Lh regard to-the second part of the {"kargr the physics: gaals esc;abhsh I;he re-
quived level bl dcturacy and precision nesded in the spin physics pragram. There.
have been many studies of spin. physics with polarized protons. Over the past ten
years:aad more, the undcrsﬁandmg of the spin strunture of a polarized proton has
‘heen: gvolving. Scutteriig of leptons {alnctrozm or muons) at high snergies have
revealed the spin content’ contributed by the quarks 1o be considerahly smaller
than at first expected. Thevele of the glivon in the pwmn spiti Sbeuektre naburally
‘enmeds into question, and KHIC ean directly study this tapie: Present information
frows Jepton scattaring is Himited hessuse c&mwd leptons do not scatter fmm the
(uu{:hazped; gluous, and only thwugh structure fumétion evolution with f.,)“ do
we soo-hints of Jargv ghion contribubions to the spin. Exrors are 50-100% on these
"hints". The spin structire community has Been waiting for the vommissioning:
of RHIC to.gain further understanding of this puzzle: Measuremerits. at the 10%
level or botter ‘are. both.desired and. pdss;hig 1o teach this gosl, the dbsclutd
bieam polsiization mist be known to 2 5%

Tiarge asymnetries from erwversely pmiarwd beams an unpolarized targets have
long Heen kriewn te exist, bhsed on Fermikb dute (E704). Recent thearetical
and experimental interest in these unexplained yiwmnwzm bas increased consid-
erably, Accuram ‘messurements, at the 10% level, using polarized REIC beamns.
would Taise considérable attention and would stimulate further theoretical work
" o widerstand the asymmetries. To carry mit such studies; sceurate and relisble
pnlanmehy i reguirid. A thiy time, RHIC features two officient I}Ot&ﬂﬁlﬁtﬂlb'
based in amali—-angie p-oarhon seatering “3;:*33 (M1 polarimeters® ). “Since their
analwmg power is based ona theoremc&l estimare only; an absolute mhbxat,mn..
is needed.

The Polarized Jet “Target system has beén designed (o meet this goal. Based 'on
the experiende from recent systems of similar design, the paranweters have been
thoroughi} studied and optimized. The atoic beam sounce mtensxt:, apptars in.
sinilation st dies: to excetd previcus designs by a factor of % 4, while meching.
the requitements for beamline opetation at RHIC. Acciracy at the 5-6% Jevel P =
appears “easible-and would be sufficient: for the physics program to gchieve Hs :
‘g "Is T'he target specialists felt this level of a : 4 1ot be achieved in-

St yeAr o pgra. 300, PUs m:;h experience and tumng shouid be refxch:’fi ,

_ uzcklg thexeafter« ,

Because pola.mneters 4Te 50 unporr,mt to the spin phyqes program;-and because
effective mardms:taon of the: RH{G pol,mmetezs with the: m.penmentai gronps is
crucial, & lidison perqcm will be needed by the time commissibning is underw&y

A third recommendatzon :s ther@fere.

VA full tive BNL Staff physicist should be sdeitifisd who witl be.
responsible. fav- bardwm e, operations, wnd dets analy lysis of all the

3.
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.....

Discussion and Comnients
‘Manaigemeni. and Project Organization

The declared vm{ of" the RHIC Polarized Jek collahoration i that & phymwlk»
demplete. jet 3351,@1;1 exist and be ready o sapport the experimental program
by the.end of BY 2004, 'ﬂmn interim: gsmi is that Polarized Jet hardwars be
Lsomplete and ,mstalled Birthe 12'0%60dk TR by fio dater than November 2003 for
AR mriy ,}si emis test in the RHIC ring.

A PERT vlmrt. cavering Jamafm 2002 to Dideniber 2003 ims baan distributied.
This dw,tt was diawn up on short notice: at the roquest-&f the Panel. The g
shows both jobs that were completed- during 2002, as well as the fature jnb'
sequence- needed to repelythe 11/03 gonl. This future job list represents a- vety
‘appressive wehedule: ’

To kecp 1 to such a schedule requires: Lhiat- Lhe status.of all active jobs be monitored
‘tlosely (on a. daily basis), that the critital path be cléarly recomnized, and that
the impaet of departures from the schedule be understoad. This Parel feels that
withont a ommitted, Tll-thwe project leader there i little hope to reach the
11/03 poal. The project leader should alse be responsible asa ldison to the
representatives. of the colleboration who are carrying out some of the work gt
‘thieir: home ingtitiitions. {See cur Srst recomurendation)

Little time. a,nd effort ‘was spent to produce the present PEET chart, It s neces-
sary that the Jbbb listed amd their completion dates be consistent, with available
manpower.. Thus-the PERT chart has to be refined and omibined with the names
of cmtmbutwg peopie and their respective involvement in this project. This
‘Patiel suggests that follow-up reviews of the Jet Target Project be conducted
at 6 ‘months and 12-months from naw, Le., prior to the-first installation effort
and-after-the fitst tedt n the 13 o um:h IB. The purposé of these reviews is to
report the progress of this project to the RBIC management, to the Jet Target
‘collaboration, and to the users of the RHIC polarized bheams. {see owr second
recomiendation)
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Atomic Beam System {(ABS)

‘There géerm to be no real-showstoppersas for a5 the ABS jau s A e
cerned: The committer was frpressed with the uvera!i Tevel of understanding
of bechnival isvues-and challenges associated w 1th develapmaent of the jeb. f T,
the four issues hx;.,hlu;hted below are uot wr;msmg Gencrally. most have bean
considered alrcndy by 1 the design group, of e aok nowledged by individual group
sigiibars Lo be worthy of farther considerntion.

1) One st deau,n s e magnetic Held shapes” very carcfilly, mp:*vmllv
dround the ABS-RF trssisitions and bewm interavtion reglons, fa assure proper
apin handling and depolarizing resonance avoidance. Mutusl proximity of these
Tegioms, each of which needs critically shaped elétiromagnetic fields to :m*qmph':h
s intended 3 yysical process, i a techniral challenge which will fikely take tine to
resolve, Siufficient time must be allocated after assembly of these spstemsion the
test stand for cavefil field wapping qud correction of unwanted eiw:mmngnc:tm
‘inkeractions.

.") Protection from the nulikely, bet potents :ﬁiy damnging brcak of & pitox disse-
ciator totie dictates careful attention to terlocks snd possible fost-acting valves
1o isolate eritical rogions of the source from the aceslerator. Eurly discussion
i tiegded mt.h responsible parties in acwie ator operations to fx the dm;gn of
*appropnntc pmt&otmn IeSESUrEs.

~3) Deésite iat rapid jet target and Brext-Rabi polarimeter installation in (he RHIC
ring, espécially during early systems ‘:ievelapment and refinemoent,. means that
rapid pumpdnwn caprbility ¥l be advantagecns, Thus, early consideration
should be piven to facilitating bakeout of ceitical Jot Target TEgions near est the

- RHIC ring. "This would: likely require desijzrms for propsr heat sinks and thermal
shielding of critical components like the parmanent magnet sextupoles and Si
rietoctcrq

A ’\hnmmmg the background H and 32@ x:anmbutwus tu the expected secat-
tering asymneiry will be very impottant for- overall minimization of paianmetly
errors. Because this is:so important in reducing the overall uncertainty of the
RHIC beam polarization, plaa:s need o he in piace o dewte enough effort: and
resources, probably aver an extended time. pennd t0.assure Srst that these back-
‘ground contributions can be enalyzed and monit ored, and later that théy ean be
-understood as-well as’ pﬁsmbla
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Breit-Ralit Polasimeter (BRF)

The Breit-Rabi Polarimeter for the RHIC Polarized Jet Turget iv shuilar o the
.ome used at HERI\LES where this mettiod has been developed to its present
. 'Ievei of maturity and sconracy. At HERME’Q the BRP serves @s the standard
for the atgimic beam polarization measuremont. Systematic errors related to the.
target polatization messureent bave been shown to be negligible oxept: for 1]}
‘the ballistic backegrannd fromi hydragen gaz and water: the confribution of the
latter has been found st COSY 1o be exceptionally high {79%7; and i1} the bunch —
field depolarization of the target by the beam. 2

Both effects should be checked st RHIC as soon as possible to strve as a quality
control of the complete ’F{Hﬁ“‘ Polarized Jet Targel and fo give z. realistic assess-
nient-of the-atbsinable stturacy of the RIIC Palasized Jot Target polarization.

The vosts for the RF-transitions are beleved o be realistic ssseming that there
s substantisd support and RE knowledge. both from and within the group re-
sponsible for building thiese dévices;

P

Silieon -'.Die"i;ec:ﬁurs,'.- Headout Blectronics, and Data Acquisition

“The collabomtmn presmmd thmr plans 1o measure ssymmetries (ad thus an-
:a!y/mg powera} in the elastic scattering of RHUKC boam protons with jet tmgeL
profons,: where ong oF hmh of the protoss ave poldmed -Asyminctries are mos
sured through detsetion of the jer reonil proton at qca;term.,, angley e :‘:90
degrees to the beam directivi. and . in the horizontal plane {ie. in the dires-
tion perpendicular to both the RHIC heim and jet . ditection). Measurement of
the scatvering augle provxdes a measurement of ft}, the four-momentwm transfer:
squared of the seatbering process,

The eallaboration proposes to use $welie silicon detector arrays to mossirs the
scattering angle of the recoil proton, as well as the proton energy and time of
flight. The detectors are sufficiently thick o stop protens up £o.8 MeV. The
‘acceptance of the debectors sround the 40 ﬁegr&e angle js sufficient to see. Slastic
scattering from both the Yellow and Blue RIIC hepms, but easily has sufficient
resolution to 1dentxfy which beam is wivolved in sach event. It was -:hown fhiat
background signals primarily in the form of beam-gas interactions and: dzﬁractue
proton-proton interactions are Rmemahcahx suppressed by using [t|-vs. scabter-
ing angle corralations.

The detectors are to be read mzt with an emstmg preamp fﬁllowed by mgﬂal-
shaping elentronics that dre currently under ‘design. ‘The signals are recorded &
with CAMAC "Waveform Digitizers” (WFD} that aa.mpie each channel at ap- |
‘proximately 370 MHz. It is noted that the readout (prearps throubh e’ WF}Jb}
are-slight modifications of & system that has béen successfally. tmplemented In,
the pC CNIL poianmeterq ot RHIC.
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December 2002 start of sﬂmcm t.i

 FRGENIZE | i
‘tector f;yqtem thmug,h ‘their work on. the pC ONI p@iamneters But thers, may

‘We.see-no significant. techwical chah&ugm int wither the siticon debestors orread-
.ot elnstronics. The techsiologies are matire

atid there is sufficient expertise
th,h these tcc}mo!ogsos sither directly svithin the colleboration or mt}un groups

assisting it

A timéline was presented for production of the detector system begining with 2
elector fabirication and endmg with 4 complnted
Systemy By December 20063, Tha prapgsed. schedule to build the defector and
rcz:dm;r svstern within a year appears ‘i _be adeguate and allows some conti in-

pency: However we poink out that the fabrication of siicon: detect@rs ¥ a prooess
‘that often causes delays becanse of design :mci yiold issues, as well.as clean: FOUTH
-cquxpmem: faflures. Asthe dollaboration only requites 4 working detectors in the
first year to initiaten pelarization measurement we hefieve there is sufficient con-
tingency in the schedule to abtain these detectors. Bat the coltaboration should
‘carcfully mionitor the production o see that i proceeds in a mne“ty fashion:

No mfenn&tmn was plesmwd DI gx{mndmh sl ﬁnei L
0 B0, _e COU&DOMNOII Illﬁ!ﬁbl‘i“& hﬂ\’f’ i‘Xp(‘)’]FY]g_"P Viibh a Sulﬂk\l d’e’”

be add:twnal pickup probleing arising from-the jeb souree itsell. We recorimend
that cmmderauon be wiven to grounding and shielding hefare construation of the

-detectors.and their ourting aasembhea

thle bakeotit of $he palarineter is ot ourtently planned by the collaboration,

‘we Shggest That they consider in the design of the detector movnts sullicent, hest,
gink- capabmw fo profect the. rletecwr- should 2 bake-out become necessary.

SvSt;-ematio inecrtainties

' jI”he process-of establishing a koows beam pc}anzame}z t&hen auly ﬂw taxgpt

poia.rxzatmn is @priori known was. described. Basically, ineasurement of asymme»

‘tries. in-two. detectors (feft, right} with four ‘beam-target spin stabes {+4 it

~} provides: sufficient information to solve for the bemn polarization: multxphcd by?

an-anhlyzing: péwer, A, and separately. the target polarization times A The ratic

eliminates 4, and the BRP messurement of the Jet target polarization allows

,for determmatmn ‘of the beam: yala.rzv.atmn. Solid: ang}e acye pta.mes and. bumi-.
’no'ﬂty factors cancel.out; and other effects ave'minimized. A generalized m: hrix
verston-of an analysis. schenie way described in which'ne unpnlanzmi running i$
 required.:and the. spin inflependent Tuminosity for each spinn state s not needed:

Throtigh calibration:of the béam: yalanzaﬂan, the pC ONT polatimiéters would

becalibrated atreach RHIC running EHOrEY.

A ‘summary- of the. expected unverfainties wn%,rsbutmg 1o the Imowledge nf the
absolute beam polarization was presented. Thesearsall dominated by systematic

uncertmntxeb. and: when combined in. quadrature. give: APbgm ,ng,em 5 :}:.0 08.

Ao
- !
3
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The three largest-confributions are ailabout £3% and include; 2} the'error in

measurement. of the sbsolute jet target polarization, Aominated by the uneers

- tainty of the fraction of watér and molecular ydrogen in the Miteraction region,
k) the systemiatic ertor in the. su*\ymnw%ry measured in the pC ONT polarimeter,
and ¢) the uncedtainty in the pC CNT po{ammeter m&lwmg power when the

:gilicon strip detectors are repliced, due o the. wiknows depth of the dead lnyor'

‘un their surface. The Pandl belioves that the aconrasy Afem/ P heam: 7. £:0.06
is A realistic estimate, based on the resolts. shown, and that. it will not seriously

impact the REIC polarized pmgmm, which specifies an accuracy of £0.05 for -

the beam polarua.twn

Webslicve (with oneres ﬂatmn) that ihe proposed detector systenywill be sapa-
ble af measuring the amlyamg power of elstic provon seattering. Our reservation
‘mm:crnq whether: the

is sufliclent rejection of background mgna in the détec:

v. Lnough there appears to be sufficient rejection.of beam-gas and diffractive .

interactions. {thwu;,h kinepatie technigues deatribed by the ectaboration), there

15 concern: that additionsl sources fe.n. fromn scattered jet beam} ey alter the
measurement it these sources have o mn-nvghgrahie: anslysing power. However
‘we repognize that estimation of these bacxgmunés {and :ma;iy:rmg gmwf,r} i4overy
difficult. and-can only be faﬂ;, underbtami -wnwe the device'is built.

Among the three largest wnmbutw% to the total erfor; the Panet believes Lhat
- thefirst has a:-good chance to be reduced with careful study, although it may
take more; 'chém 1-2"years o achieve this rmnctmm The second larpest contri-

bution is caused by 4 presently unknown source of S&W
TN 1 polarimeter frem the 2002 ron. Tt is urged to pursue vigorously the sourcs

'ter.' Vote Ehak tor polarized pp collisions when the jet target is collecting data,
.AP@W,, S Prsam: 7 2004 would be etpocted and the P&n&l BIGUTagES blg;"uh»
cant. HH[O palarxzed m.nmng wilh the jet {arget in arder to achieve the smatler
uncertainty in-absolute besn polarization.

Although & commissioning plan was not presented, it i anticipated that many
-systematic studies will be rieeded. Many of the tests for systematic errers per-
formedd for the p GNI polerimeter-should b repeated with the jet target de-
tectors, since they-are. similar in dwgn Other tests mighk involve varying the
‘spexing of the Yellow and Blue beams at theinterastion region, cross chécks of the

pC anajymng pover with a carbomn besm on the polarized jet target, mapping. of

the polarization pmﬁ}e a8 thg target is moyved relative to the beam, and perhaps
a cross check 6f the energy dependence of ﬁhc: anblyzing power: by ‘accelération
and deceleration af Lhe beam within a nﬂ

Since the polarized jet target pn’iar-meter is entieipated to be an important st
ment forfuture polarized proton runn
be responsible for its hatdware, apemhaas, ek data anaiys:s The RHIC pf" Nt

8 .
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polarimeters ate comiplehiontary to-the polarized Jot Tarset and equally impor-

tant to the measurement of tiw pokurization of the boams, The sdmestatl person .
shenld iversee and morﬁmatf* work with thess polarimeters, ‘He/she should work
with coi!abmaims from the RHIC spin: community to derive beary polarizations,;.
'studk systeratic effects, -and make hardware. repirs.and mmprovemisnts. (See vir
third ret:ommend'xrmnj

‘*PPPndmes
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Makdisi, Yousef |

-me. Fox; Brendan

Sent: Tumd?y. Denenbind 03, 2002 S407AM

To: ;:go r, Thoriss;. .ﬂ'%ckay YWithiarn W; Safto, Naohitt: Bland, Leslia ©; Goto; Yuif, Makdist,.
uuseﬂ

Ce Burca, Garry W Haing, Tamemy A

Subject: Proposed Agenda:or the hukt RHIG Spin Collaboration Mesting. (Wed, Deci 18th)

Hiyall,

in consultaﬁon wﬁh Gcrry, 1 have cubbled mgaﬁhe: the: toliowing Rinery
tor:the next RHIC. E‘:p;rz Collaboration Mesting:

D000 09'4o - oummary ot the. AGE Polarization Warkshop

10 48, uﬂ 20 - "ihtu'; Flepan o the Accelorater Run-0F Preparatiohs
U {LewAbrens)
THIO 01200~ Stalus: Repon on he: AGS GNI Polarimater
' {leff Wmd*;i

02:30 40 02:50 = Update oh PHEND Readiness for Rimia
{Manhxaq Grogse-Perdekarmp/TBA)
‘BEED 0 Update o STAR H&aume@\. 167 Run-0a
(Lzs Bldndff BA)
D3:10.1p 03330 - Update on RRIG Polarimelry Readingss fot Run03
(G.,amu JinnechirT BA)
03:30:16.03:45 * Coffeg Break
'03 451 04:15 - Conclusions ahaout. RHK" PG arimatfy for Run.02
T (Osamu dinnoushiy

04‘15 1o 05.00 Rum-02 BBC Asymmetry: ﬁ#au!!ﬁ trom PHERIX
{Ktyoshl Tanida) -

where | have indicated either- speaker or; wit the “TEA” the pr-rsar who |
will-usk 1o el me who:shiould:speak on this fepic;

Please gt me know: if ihere is ahjhirig additional wnwh you fest showld be
covaréd in thismesting ... thanks ... .

- e brendary
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(X90-X45)/Err
Mean 0.25(B) / ~0.02(Y)
Sigma 1.11(B)/ 1.10(Y)

Y45iErr
Mean 0.16(B) / -0.30(Y) [*
Sigma 1.11(B)/ 1.43(Y)

Cross/Err
Mean -0.17(B) / -0.32(Y) [
Sigma 1.30(B)/ 1.26(Y)
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BBC asymmetry

K. Tanida (RIKEN)
RSC meeting 12/20/02

Outline

* Introduction

* Event selection

* Bunch fitting method

* Results

* Discussion

* Summary and prospects
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Introduction

* FNAL E704: observed large single spin
asymmetry (Ay) of pions in forward region with

transversely polarized pp reaction at
sqrt(s) = 20 GeV.

« BBC: most forward detector in PHENIX that can
measure asymmetry.

- Measure Ay of inclusive (charged) particles by
BBC.

* STAR observed finite A ~ 0.005 in their
preliminary analysis. |
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South

PHENIX BBC

* 2 identical parts (BBC-north

and -south) 3 -

Quartz Cherenkov counter,
64 segments each.

“%%_
ﬁM“
i 144.35 cm Ao =2m

North
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Event selection

Data from 11 fills (2257, 2258, 2265, 2266, 2275, 2277, 2281, 2289,

2290, 2301, 2304) after 01/18/02 were analyzed.

- earlier fills are severely contaminated by beam-gas
backgrounds.

Trigger: BBC LL1

Beam gas contamination:

- events in abort gaps < 1073 of normal bunch

- three fills (2257, 2265, 2266) rejected

Bad bunches:

- unpol: 0, 20, 40

- abort gaps: 15-19, 55-59

- other bad bunches: 10, 30
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Definition of left-right

A A

e View from #1132 $=66.8

collision point
(BBC-south)

$=156.8%

$=-156. =320

¢=-113.29 ¢=-66.8°

v
Flip left-right in BBC-north

* 66.8 deg € maximize figure of merit (S%/N)

* Finite angle correction for cos$ dependence
- 0.788
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Inclusive and exclusive hit counting

e Left: n; segments have hit
Right: n; segments
» Inclusive counting:
left: n; counts, right ny counts
- sensitive for high-multiplicity events, e.g., jets.
- ON; > sqrt(N; ) because
# one particle can hit two segments
# two particle correlation strong

* Exclusive counting:
count one for left only if n; >0 and n =0
- favors low multiplicity events
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Bunch fitting method

* An alternative method of square root formula
- for details see

http://rarfaxp.riken.go.jp/~tanida/spinpwg/bunch-formula-
note.tex (or .ps)

* Take crossing-by-érossing left-right asymmetry
for each fill (crossing number: 1):

a (Z) _ NL({&) B NR(/")
FEYT NL() + NR()

w8 — Np(¢)Ng(7)
SoLRl 2“[1\%(%’)Jrl\f'p.,(i)]3




crossing by crossing LR asymmetry (fill 2304, north)

dassir02304 | dassir02304
Nent =45

£.016— Mean = 28.62
E, "~ RMS = 16.34
9.014— 1[ ][ J[ 1[

& N

> n
;.-6.012:{r ][ ][ + J[
-lll - +

0.01 E—+

0.008— J[
0.006—
0.004—

0.002—

OT 1 | 1 1 I 1 1 1 1 I 1 1 ‘l 1 I 1 i 1 ] l ) I 1 } I 1 ] | H
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Fitting function

N, (i) = C(1+D)[ 1+A P () +A Py (i)]
Nr(1) = C(1-D)[1-AgPs(1)—-APy(1)],

D: detector asymmetry
Apy): physics asymmetry for blue (yellow) beam
Ppy)(1): blue (yellow) beam polarization
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Linear approximation

* For small D, AgPg, and APy, we can use
a (1) =D + AgPp(1) + AyPy(1). |
- systematic deviation is at third order.
* We can exactly solve the problem. The answer is:

( D ) o | ( 0 () (Py)
Ap | = M7V, where M =| (Pg) (P3) (PgPy)
Ay (Py) (PePy) (P%)

(arrPy)

) (arR) '
V =\ (arrPB) |, and (z) =3, g-aLﬂRz(i%.

* [ will do discussions using this approximation.

)



L

Coupling of Ag and A

* M has off-diagonal elements (luminosity asymmetry)
=~ Ag and Ay couples
. Effects of off-diagonal elements (at leading order):
AD ~ —(Ag<Pp> + A{<P.>)/<1>
AAg ~ -—(D<PB> + AY<PBPY>)/<PBZ>
AAy ~ —(D<Py> + Ag<PgP>)/<Py%>
- second order
- sqrt formula does not cancel terms such as Ag<PP.>
* MC simulations tell the fitting method gives correct
answers, while the sqrt formula does not.
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Statistical and systematic errors

* If we neglect the off-diagonal elements of M,
8D:<1>—1/2’ ) AB:<PB2>_1/29 d AY:<PY2>—1/2
* sqrt formula gives approximately the same statistical
error.
* Systematic effects: can be checked by fitting 2
* Bunch-by-bunch fluctuation of detector asymmetry.
- independent gaussian of 04
- D fluctuates by 6,4/sqrt(1) (I: number of bunches)
- multiplying y2/dof to fitting error gives approximately
correct error estimation.
* Sqrt formula equally suffers from this effect, but it gives

too small errors because > check and correction is
impossible.
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BBC analysis condition

We used

e Linear approximation.
- very good approximation in this case.
* Pg(1) = PgSg(i), Sg(i) = +1 (spin up) or —1 (down)
- RHIC pol. doesn't give bunch-by-bunch polarization
- average: Py, Py ~ 0.2
* Fitting parameter: 5= APy instead of Ag
-> avoid polarization measurement error
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Left—Right (Top—Bottom) asymmetry

Detector asymmetry

i ¥ i 1 I ¥ I 1 T I 1 | 1 ! I T 1 | I

B + + + + * +

i +

- X south top—bottom
010 X ¢ north top—bottom

- B  south left-right

- + mnorth left—right
0.05 —

t X

. X 0 X = X o X o O . 0

B +

. o @ o o © o ©
0.00 —

-

T I I 1 1 1 ] I 1 | | 1 l 1 i i | | 1 ] I

2258 2275 2277 2281 2289 2290 2301 2304
Fill number

—> Detector asymmetry is resonably small
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3 checks

1. x?/dof(=42) should be near to 1
* All inclusive counting data are rejected
- probably because 0a; , was too small
- multiplying oa, by 1.37 makes %? distribution
reasonable (except for fill 2258).
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300

200

100

- Fill-by-fill x* for inclusive counting

Fitting x°
I_ I i 1 I 1 1 | 1 I A | I ] ] I_
- X -
i X south left—right |
i ¢ south top—bottom |
i @ north left—right |
B + north top—bottom .
" . i
8 - _
B o i
— X o o n +
© ©
= & O qj}- 4 X & o % -
& + + X &
R X % % 1 .
o +
1 1 I t 1 | H 1 I | ! 1 1 I 1 1 1
2258 2275 2277 2281 2289 2290 2301 2304

Fill number
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number of events

v? -- Inclusive case (except fill 2258)

distribution of fitting x*

10

N\

x? distribution

~ ‘/ (dof = 42)

N\

AN

20

30

40
modified x?

50

60
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3 checks

1. y?/dof(=42) should be near to 1
* All inclusive counting data are rejected
- probably because 0a, ; was too small
- multiplying 0a; ; by 1.37 makes %? distribution
reasonable (except for fill 2258).
* only one bad fill (2258) for exclusive counting
- %2 distribution -- OK for the other fills
-> use only exclusive counting data hereafter
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Fill-by-fill * for exclusive counting
fitting ¥° (DOF=42)

i | l 1 1 I 1 I ¥ 1 1 1 | i 1 1 I I i ] | l
20— U B south left—right —]
i x south top—bottom ]

- + mnorth left—right .
150 B . , ¢ north top—bottom ]
100 — —
L i

a 2} . i

204 a|

60 — —
Y SUTUI o AU RV R 1o U R

_ EP(-#() X E]_«) Ek Elx.¢0 X -

X 40
i | | 1 i | 1 } I | | ! I 1 1 1 i i 1 1 ] :

2258 227H 2277 2281 2289 2290 2301 2304
Fill number
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v? -- Exclusive case (except fill 2258)

number of events

distribution of fitting y°

VR

x? distribution

/ (dof = 42)

1 | | | | ]

BE

40
fitting x°

50

60
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3 checks

1. %*/dof(=42) should be near to 1
* All inclusive counting data are rejected
- probably because 0a; ; was too small
- multiplying 0a; ; by 1.37 makes y? distribution
reasonable (except for fill 2258).
* only one bad fill (2258) for exclusive counting
- %2 distribution -- OK for the other fills
-> use only exclusive counting data hereafter
2. Ay(north) = Ag(south) and vice versa
3. Parity-violating top-bottom asymmetry should be 0
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Left—Right asymmetry

0.004

0.002

0.000

—0.002

- —0.004

Check of e5(yellow)=¢e(blue)

Physics asymmetries (xy>0)

] | 1 I l ! 1 | 1 | | | I I l IR 1

- 0 south left—right yellow
X north left—-right blue

| ! I { I | ! I 1 1 I i 1 I | I 1 | |

2258 2275 2277 2281 2289 2290 2301 2304
Fill number
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Top-bottom asymmetry for exclusive counting

Physics asymmetry for yellow beam

i I ] I ] I | 1 I 1 1 ' 1 I i | | 1 | )
0.005 [— _ —
W - A .
> B o -
ks X
O i + i
g 0.000— L % % %{ —
>
(7)) _ -
«, ] }
= |
0 I i
B
0 a _
%1 _
8" —0.005 — —
i T T X south top—bottom y
- ¢ mnorth top—bottom T
_ o -
_00010 { L‘— 1 { 1 | I | | 1 1 H | | I 1 i | | 1

2258 2275 277 2281 2289 2290 2301 2304
Fill number
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3 checks

1. y%/dof(=42) should be near to 1

e All inclusive counting data are rejected
- probably because da; , was too small
- multiplying 0a; ; by 1.37 makes 2 distribution

reasonable (except for fill 2258).

* Only one bad fill (2258) for exclusive counting
- %2 distribution -- OK for the other fills
- use only exclusive counting data hereafter

2. Ay(north) = Ag(south) and vice versa

3. Parity-violating top-bottom asymmetry should be 0
- OK within 36 for exclusive data except fill 2258.
- fill 2258 is discarded. |
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Results

left—right asymmetries

0.004 ] T | 1 I ] L | | I I | i I l | J I
0.002 |- . ~ _
w " | T T il
N i T - X
% __—_— ~ I . T i1
E = 4 oy Te L
E X 1 o
> 0.000 — X ¢ 4! - 1 -
g | 1] A 4|
S Ak 1
% - 1 m ¥
o - L | L
N ¢ 1
—0.002 — o — -
I ~ o south/blue 1 x south/yellow ]
i + north/yellow ¢ north/blue
—0.004 W ! I 1 l 1 ) ) i l | | I ) I ! { '

2275 2277 2281 2289 2290 2301 2304
Fill number
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Averaged asymmetry

* Divide € by raw asymmetry of RHIC pol.
> A/ACNT (ACNL effective analyzing power of RHIC pol.)

A/ALCN A /AN
South LR  0.15+-0.22  -0.09 +-0.17
B -0.22+-0.23 0.06 +-0.17
North LR -0.11 +-0.22 0.06 +—0.17
T™B -0.19+-023 -0.16+-0.17

» Errors are statistical only, but include statistical error
in polarization measurement.
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Analyzing power
+ Assume AgCNI=A,NI=0,0132

Agp(107) Ay(10-%)
SouthLR  1.9+-3.0 -12+-22(x>0)
TB -29+-3.0 0.74+-22
North LR -1.4+-3.0 0.8 +—2.2 (x,<0)
TB —26+-30 -21+-22

* Errors are statistical only, but include statistical error
in polarization measurement.

e Systematic error in polarization measurement does not
affect the significance of the asymmetry.
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Systematic errors

* polarization measurement error:
- unknown yet, but does not change A/0A.
- ¢ is free from this. So, we show both A and €.
* bunch-by-bunch polarization fluctuation:
- effect is negligibly small for A ~ 0.
 Other systematic errors:
- no evidence seen (y?/dof ~ 1)
- probably negligible compared to statistical error.
- We don't assign any systematic error other than
coming from polarization measurement.
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Comparison with sqrt formula

* In the present case, bunch fitting method gave the
same result as sqrt formula down to O(10-°)

~» Systematic deviation of sqrt formula

- AAg ~ Ay<PgP>/<Pp?>
-Ay~ 103

- <PgP>/<Pg?> ~ 102

= AAg ~ 10: small enough

* Systematic deviation of linear approximation.
- AAg/Ag: D(AgPgt+APy) ~ 104
i.e., AAg ~ 103 x 104 =107
- negligible
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Discussion

 Qur results are consistent with zero.

 E704 result
- t+ and 1t~ have opposite sign of Ay
-> cancellation in BBC measurement
- asymmetry 1s seen at large x;
<=> BBC can not measure X,
probably small x; events dominate
—> not inconsistent with E704 result.

« STAR preliminary result: € ~ 0.001 (Ay~ 0.005)
- pseudorapidity is larger
(PHENIX: 3.0 <n <3.9, STAR 3.4 <n <35.0)
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Summary and prospects

Ay of inclusive charged particles in a forward region
was studied with PHENIX BBC.

A new method to calculate physics asymmetries
was used.

We saw no evidence of systematic error.
Results were consistent with zero.

Analysis is still ongoing for various conditions, e.g.,

- select inner segments of BBC (most forward region)

- event selection (e.g., ZDC coincidence -- in relation
with LocalPol results)

- Photon (1) selection using ADC information.
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11:15 — 11:45 Conclusions about RHIC Polarimetry for Run-02................ O. Jinnouchi
11:45 - 12:15 Run-02 BBC Asymmetry Results from PHENIX................. K. Tanida
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Additional RIKEN BNL Research Center Proceedings:

Volume 50 — High Performance Computing with QCDOC and BlueGene — BNL-71147-2003

Volume 49 — RBRC Scientific Review Committee Meeting — BNL-52679

Volume 48 — RHIC Spin Collaboration Meeting XIV — BNL-

Volume 47 — RHIC Spin Collaboration Meetings XII, XIII — BNL-71118-2003

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

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

Volume 44 — RHIC Spin Collaboration Meetings VIIL, IX, X, XI— BNL-71117-2003

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

Volume 42 — Baryon Dynamics at RHIC — BNL-52669

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

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

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

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

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

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

Volume 35 — RIKEN Winter School — Quarks, Hadrons and Nuclei — QCD Hard Processes and the

~ Nucleon Spin — BNL-52643

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

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

Volume 32 — RHIC Spin Physics V — BNL-52628

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

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

Volume 29 — Future Transversity Measurements — BNL-52612

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

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

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

Volume 25 — RHIC Spin — BNL-52581 |

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

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

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

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

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

Volume 19 — Numerical Algorithms at Non-Zero Chemical Potential - BNL-52573
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Additional RIKEN BNL Research Center Proceedings:

Volume 18 ~ Event Generator for RHIC Spin Physics —- BNL-52571
Volume 17 — Hard Parton Physics in High-Energy Nuclear Collisions — BNL-52574
Volume 16 — RIKEN Winter School - Structure of Hadrons - Introduction to QCD Hard Processes —

BNL-52569

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

Celebration — BNL-66299

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

Volume
Volume
Volume
Volume
Volume

Volume

Volume

Volume
Volume

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

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

7 — RHIC Spin Physics —- BNL-65615

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

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

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

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

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

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