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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
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.

The RBRC has both a theory and experimental component. At present
the theoretical group has 4 Fellows and 3 Research Associates as well as 11
RHIC Physies/University Fellows (academic year 2003-2004). To date there are
approximately 30 graduates from the program of which 13 have attained tenure
positions at major institutions worldwide. The experimental group is smaller
and has 2 Fellows and 3 RHIC Physics/University Fellows and 3 Research
Associates, and historically 6 individuals have attained permanent positions.

Beginning in 2001 a new RIKEN Spin Program (RSP) category was
implemented at RBRC. These appointments are joint positions of RBRC and
RIKEN and include the following positions in theory and experiment: RSP
Researchers, RSP Research Associates, and Young Researchers, who are
mentored by senior RBRC Scientists. A number of RIKEN Jr. Research
Associates and Visiting Scientists also contribute to the physics program at the
Center.

RBRC 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 shorttime. To date there are seventy-
two 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 and is still operational. A 10 teraflops QCDOC computer in under
construction and expected to be completed this year.

N. P. Samios, Director
November 2004

*Work performed under the auspices of U.S.D.O.E. ContractNo. DE-AC02-98CH10886.
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Status
foo ]

1 Progress iInRHIC Cu Run

® Established stores of 28x28 Cu bunches with 5.5x10”
bunchintensity(equivalent to 1.6x10'"" pp bunch

INntensity)
® Achieved0.85m B* at PHENIX and STAR

[0 AGS cold snake is expectedto be available for
installation at the end of Feburary

Jan. 14, 2005 RHIC Spin Collaboration Meeting
BNL, Upton



Status & Plan for RHIC polarimeter

[

L]

New sets of targets were installed before the Cu run
started

Replacethe target & silicon detectors at the
beginning of pp Run together with the Hjet
Installation

The new silicon detectors will be calibrated in 2-3
days, during this period the CNI polarimeters are not
available

The deterioration of the silicon detector will be
monitored during the run. According to Sandro, the
lifetime of the silicon detectors is about 8 weeks. So, it
IS expected to open the vacuum to replace the
target and detectors in the early part of the physics

-[un

Jan. 14, 2005 RHIC Spin Collaboration Meeting

BNL, Upton



Timeline

[1 March 1. AGS pp setup
[1 March 23:
| ® end of Cu run and beginning of pp run
[1 March 23 - March 24
® Jet installation
B CNI pol target&detector installation
B AGS cold snhake installation
1 March 25 - April 1
B Machine setup
O April 1 - April 15
® Ramp up
L1 April 16- June 19

LR ”“"' PhySICS run

Jan. 14, 2005 RHIC Spin Collaboration Meeting
BNL, Upton



Machine Configuration for pp physics
[ et

0 Energy
W [njection:46.5
® Store: 1915
[J Working point
® Ramp:28.72, 29.73
B Store: 28.68, 29.69
[1 Lattice:IP68 101224

® Injection: 101010101010
W Store: 11105310

1 CollisionPt:IP682
L1 RF:
B No rebucketing at sfore

Jan. 14, 2005 | RHIC Spin Collaboration Meeting
' BNL, Upton



Machine Configuration for pp physics

L) Beta functions at polarimeters

B reduce the beta functions at the location to minimize the
amount of emittance blowup due to the target

B B, p05, VBT

10 KV IV N 0.1 | 211 | 6351

5 SRR YO EN 17.1 | 307 | 525.0

3 VAR KRNV 125 | 399 | 498.8

Jan.

14,2005 RHIC Spin Collaboration Meeting
- BNL, Upton



Machine Configurationfor pR.to 170GeV
1 Energy

B Injection:46.5
B Store:325.5
[0 Working point
m Ramp:28.72, 29.73
W Store: 28.68, 29.69
[1 Lattice:lP68 101224
® Injection:10 10101010 10
W Store: 11105310
[1 Collision pt:6 8
1 RF:
® No rebucketing at store

Jan. 14, 2005 RHIC Spin Collaboration Meeting
BNL, Upton



Machine Configurationfor pp 10 217 GeV.

1 Energy
W Injection:46.5
M Store:414.5
1 Working point
B Ramp:28.72,29.73
® Store:28.68,29.69
[l Lattice:lP68 101224
® Injecton: 101010101010
B Store:0.850.85 1053 10
[0 Collision Pt: 6 8

1 RF:

... ® Norebuckefing atstore

Jan. 14, 2005 RHIC Spin Collaboration Meeting
BNL, Upton



Acceleration beyond 100GeV

1 Goal

® To evaluate the spin dynamics beyond 100GeV

[0 What's the impact of Imm mms orbit distorfion(achieved) on
the polarization transmission efficiency?

[0 How much can we correct the orbit with the existing RHIC
orbit correction systern at higher energy?

® To provide a guidance/justification for the full ring re-
alignment of RHIC during summer of 2005
[0 EXxpection
m Little or no polarization is expected at energy of 217 GeV
with 1mm orbit distortion

® Polarization ramp measurement will be the key technique
INn exploring the depolarization mechanisms and locations.

Jan. 14, 2005 RHIC Spin Collaboration Meeting
BNL, Upton
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Acceleration beyond 100GeV

1 Plan

® Simulation
[0 Spin tracking with - 1mm ms orbit distortion

1 Spin tracking with different orbit distortions to evaluate the
tolerance of orbit distortions.

m  \With beam
[0 Developthe rampto 170 GeV(1AOn - 2m from inj to 100GeV

And remain 2m upfo the top)
® Measure the polarizationforbit distortion along the ramp

® Vary the orbit distortion around 135 &GeV where the strong
intrinsic resonance is located

[1 Developthe rampto 217 GeV
®  Measure the polarization/orbit distortion along the ramp

Jan. 14, 2005 RHIC Spin Collaboration Meeting
BNL, Upton
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Challeng

e of going beyond 100 GeV

':::'.-4 n 1 I 1 l 1 ' 1 l 1 I [ ‘ T ' T I T I T I T I
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- JET 2004 data —

preliminary Beam Polarization

Bﬂﬂﬂlﬂl&iﬂiﬂ

- | Alessandro Bravar FEOMAL LARORATORY
RSC January 14, 2005
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The Elastic Process: Kinematics

scattered
(polarized) | proton < 1,
proton beam o e

+ . 2
RHIC beams 1= (o= <0
internal targets = polarized
fixed target mode proton target wé recoil proton
Vs~ 14 GeV or Carbon target or Carbon

A&baam (£) = Aﬁtarget (£)

for elastic scattering only!

= . beam ; o tan
’ i pbﬁfﬁm - pﬁarggﬁ = &{ié Eal f &Mt3¥§€f§:
essentially 1 {ree parameter:
momentum transfer 7 = (p; — py ):2 = (Py— p?)z <0
+ center of mass energy s = (py + 1)2)2 = (ps — Do)

+ azimuthal angle @ it polarzed !

= elastic pp kinematics fully constrained by recoil proton only ! o
. ) | BROOKHAUEN
REC - {}Efi‘%ﬂ}% Alessandro Bravar NATIONAL LABORATORY
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Recoil Si spectrometer

6 Si detectors covering

the blue beam =>

MEASURE /
energy (res. ~ 60 keV)
time of flight (res. ~3 ns)
scattering angle (res. ~ 2 mrad)

of recoil protons from /

pp — pp elastic scattering

Prarget ~ 0.924 = 0.018

recoil detectors

Jet target blue beam

. blue
| Ac@ﬂ detectors
HAVE “design”
azimuthal coverage
beam .
axis one Si layer only
—> smaller energy range
= reduced bkg rejection power
|
72 x 64 mmA2

Alessandro Bravar ' RY
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pp elaStIC data C()”eCted ToF vs Egp correlation

Ty ™ ¥ M (dist/ToF)?

[ si=tall chan |

recoil protons
- elastic pp —pp
.~ scattering

o
=120

JET Profile: measured selecting pp
£ 18001 elastic events g

FWHM ~ 6 mm 80

as designed 60
40

p €V
=
L))
8 8

background
118 cts. subtracted

—
5
o @
o =

20
0
~20

-40

AN
W SN S T

Energy MeV

Nurmber of elasti

B e Sio00— 10050 5005050600 7100 50800 CN| Peak A
Hor. pos. of Jet 10000cts. = 2.5 mm I <Egpe< Z MeV pmmpt events
and beam-gas

oL source
calibration

» recoil protons unambiguously identified !
* 100 GeV = 1.8 x 10% events for 1.5 x 1073 < -t < 1.0 x 102 GeV2
e 24 GeV ~ 300 k events

BROOKMPIUYEN
NATIONAL LABORATORY

RSC — 01/14/05 Alessandro Bravar



L1

Missing Mass My? @ 100 GeV

N M. 2 '
b P not corr_ect_ed forthe o ulations
_F magnetic field -
= - .. M?distribution
St } l 80 cm from target
“uE i [ L convoluted with
5 [ E spectrometer
S C FWHM ~ 0.1 GeV2| T ] L Resolution |
o | -] P
8 : I H & AM x~ 0.1 GeV
Q) -
‘g -_; " jA 2 LL
- : : i M*+,
= inelastic FJI Y
E threShOId :f"Iri{J. NIV .L?ﬁi‘"'ﬂ.m N o cranil
L .1 ) 1.2 1.32 1.4
tllmfﬂlll pmwn Mx (GeV7)
0.5 06 07 0.8 1.2

MX2 [GeVz]
- BROOKHEATEN
RGC - @ifl@f@ffﬁ Alessandro Bravar NATIONAL LABORATORY



Event selections & Backgrounds
Strip distribution for energy interval: 1250 — 1750 keV

]SE HO i background I Bi #6
i
| I . | IZ)OI |

4[ >
. Lnﬁ;w}qlw .Lf{;ﬂ et ]

400
350
300

III'IIII.IHHlllllllIIllIIll'lllllllIl!lI

20 . 70 80 Q0 100
visually implement the energy / angle correlation in selecting elastic pp events
typically, for each energy bin, select 3 to 4 strips pes detector

Background only from selected channels not from whole detector (4 — 5 x smaller N
Total Backgrounds < § %: o source < 4%, “interaction” backgrounds <4 %
= 0 A®Y* ~ 0.0015 (~ 3% relative)

e ‘N
. sy - . - NATIORNAL LABORATORY
RSC — 01/14/05 Alessandro Bravar s

()
~ H
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From gy t0 Pgeam

Fow asymmetry
" W M "
yw)(N NN N (VI N N )
(Nm+Nﬁ+N§+N“}4Nw+NW+NM+NW)

Analyzing Power

1 1
AL ==&y £—(Pp)4
Ay P, N 2< B> NN
B 1 1.
Py 2
if second term = O, then p _p Epeam
“Beam — ! Target

8T arget
( Pgoam ) <PTa,,ge,> #0  on run by run basis

. . e (p
( Ppoam)> (PTarge,>z0 averaging over all runs (P) and all fills (Pg)

works also if Ay =0 BROOKHAATEN

iy gorty : NATIONAL LABORATORY
RSC — 01/14/05 Alessandro Bravar
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Ay for pTp— pp @ 100 GeV

420'06:

0.05—

. g e

0.04— ,, g ;

0.03

-

0.015-
b statistical errors only
o o saa by RN NI N T Y

0 0.001 0.002 0. 003 0.004 0.005 0.006 0.007 0.008 0.009
-t (GeVic

source of systematic errors:
I APrargeT = 2 % (normalization error)
Z from backgrounds < £ 0.0015

3 false asymmetries: small

RSC - 01/14/05 Alessandro Bravar

]
¥

NATIONAL LABORATORY
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gBeam

SB / ST . PBeam = PTarget '
Target

Data Used:

t range: protons fully absmbed (0.0015 < -£<0.01 GeV?)

« 90 runs (~100 hours of live DAQ), 1.8 x 10° events

» 43 runs pC polarimeter run in “event” mode, 0.9 x 10% events

ol 1;
0.9} 90 runs
90 runs: 0.424 +£0.022  *°¢ | ratio €g / €
0.7 ’
0.6 .
43 runs: 0.418 £ Q031 o sl Jf }
mﬂm%mmm+qmmtwmmwm
0.3 {' '
0.2
0.1E- reduced ¥< ~ 1
%" “0:001 0'002 0:003 0004 0.005 0:006 0.007 0.008 0°065 0. 01
(GeVic): |

?%S(; . Ql/i/@fﬁg Alessandro Bravar NALTOURAL LABURALURY
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pB-Eﬁd"?

tot sys = 0.016

all 90 runs Ve N ~
Popam = 0.392 £ 0021 (stat) £ 0.008 (A Ppapgpr) £ 0. GE«MM} =0.392 +0.026
APppam/ Pppap = 0.6
43 runs - SPIN 2004

Papan = 0-386 % 0.029 (stat) = 0.008 (A Pyppcpr) *+ 0.014 (sys) = 0.386 + 0.033

APppam / Ppeam = 85 %

BROOKHAVEN
RSC -~ 01/14/05 Alessandro Bravar NATIONAL LABORATORY
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The Road to Py, with the JET target
Requires several independent measurements
0 JET target polarization Py e (Breit-Rabi polarimeter)
1 Ay for elastic ppin CNI region: Ay = 1/ Piager €N’

2 Ppeam = 1/ Ay ey”
1 & 2 can be combinad in a single measurement: Ppegm / Prarc get = EN “feN”
“self calibration” works for elastic scattering only

3 QALEBRATIQN ANPC for pCCNI polarimeter in covered kinematical range:

(1 +) 2 +3 measured simultaneously with several insertions of carbon target

4 BEAM POLARIZATION: P, = 1/ AyP* ey to experiments

at each step pick-up some measurement errors.
ADyom Z(Aljz‘arget @ (_A_S) D (AAN) o (éf) < 6% e;xpéz.c'?ed
P Pager | =P\ € Jpp—> \ 4y o N Epe precision

transfer calibration measurement e
., o ansie au asure BROOKHAUEN
REC - @}/}4{@% Alessandro Bravar NATIONAL LABORATORY
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Ay for pTC — pC @ 100 GeV

= 0.05- 2 major sources
< ~  statistical errors only of systematic
0.04| uncertainties:
N no hadronic e « beam polarization
003 spin-flip + energy scale
SN (dead layer)
0002 NN e

0.01— with hadronic

spin-flip best fit with
. hadronic spin-flip
_ systematic p .

N ‘ . m
2001l uncertamnty i

Kopeliovich —
xlpflrsnlziupa'la AN ENE NN, ||r|l@11|§||§;la§|| r .
0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 003 (& 0% 005 ) 11; E‘;ﬁ?‘é&?"gg‘jﬁ) o
X ” - e - J AV
forbidden” asymmetries hep-ph/0305085
Q- .@ﬁ’!!*'*:‘i L - ? #
00 5005 0,01 6.015 0.02 0025 505 0.035 ’0024(' é 55}52“5 Vgﬁ)ggﬂgggg%
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2005 Forecast

similar acceptance as for the data shown
will use one detector centered w.r.t. to the target
* increase statistics:
* 4 x more running time (based on 2004 ~ 1 month)
and/ or
» more beam in RHIC (in 2004 had ~ 40 x 101! p)
« higher beam polarization
» reduce systematic error by 2
« more background running (at least 10% of data)

B svsiemalics

* better Py 49 determination
* energy scale and “dead layer”

* NeW grounding seheme and AC coupling
o repeat calibration several times
RSC — 01/14/05 Alessandro Bravar

1072 GeV~

EROOKHEUEN

NATIORAL LABORATORY
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Polarized H-jet development.

Preparations for the run.

Molecular hydrogen background studies with
a magnetic mass-analyzer.

AﬁZeI@nski for the H-jet collaboration.

RSC meeting, Jan.14, 2005
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Preparations for the run.

» Ongoing dissociator development.
* Recoil chamber modification.

» Shutters for the r/a calibration sources were
installed. |

o Turbopump failure analysis.
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H - jet polarimeter.
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Layout of the electron beam ionizer and magnetic |
~ion analyzer in the collision chamber. |

Electron
gun-600 eV

lonization, extraction
region

i [ N

K/

Einzel
lenses

I

Recaoill
arms.

e T1| Analyzing
FC
T+ | magnet _

{1 Lok

o

Electrostatic optics for H*,
H,* ions transport.
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lon spectra measured with the new diagnostic device.

nwith H2.

i R

0]

Calibrati

R il it L

H~1.2%

Cross-section ratio H,/H -15 at 600 eV electron beam energy.
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H-JET POLARIMETER SCATTERING CHAMBER

D.Trbojevich, N.Luciano
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Molecular H, (CH,...) gas-jet CNlépolarimeter_ target.

Cold gas-jet (10'4-10"6 /cm?)
(drops, pellets ~ 10'8/cm?).

. l | I ! | RHIC beams

Differential pumping




Research Plan for Spin Physics at RHIC
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1 Executive Summary (by Gerry)

Briefly describe the physics case/highlights of the RHIC Spin program, the detector and acceler-
ator capabilities and their development, and the plans over the next few years.

In this report we present our research plan for the RHIC spin program. The Department of
Energy’s Office of Nuclear Physics Science and Technology Review Committee, in their report
of September 2004, recommended preparation of a plan that covers 1)the science of RHIC spin,
also in the context of work world-wide; 2) the requirements for the accelerator; 3) resources that
are required including timelines; and 4) the impact of a constant effort budget to the program.
The RHIC Spin Plan Group was charged by Thomas Kirk, BNL Associate Director for High
Energy and Nuclear Physics, to create this plan.

The RHIC spin physics program contributes to a developing understanding of the known
matter in our universe. This matter is predominantly nucleons, protons and neutrons of atomic
nuclei. Deep inelastic scattering of high energy electrons from protons established in the 1960s
that the nucleons are built from quarks.Quantum chromodynamics (QCD) is now believed to be
the theory of the nuclear force, with protons built from quarks and the QCD force carrier, the
gluons.Unpolarized studies have verified many predictions of QCD, probing deeply inside the
proton using unpolarized collidersat very high energy. These experimentshave determined with
great precision the unpolarized structure of the nucleons, the distributions of quarks, gluons, and
anti-quarks.

There has also been considerable progress, and a major surprise, studying the spin structure
of the nucleons. Polarized deep inelastic experiments (DIS) from the 1980sto now, done at the
SLAC, CERN, and DESY accelerator laboratories, have shown that the quarks and anti-quarks
in the proton and neutron carry very little of the spin of the nucleon, on average. Roughly 75%
of the nucleon spin must be carried by its gluons and by orbital angular momentum. This was
seen as quite surprising in 1989 when it was first discovered. Although the QCD theory does
not yet provide predictions for this structure, it was expected that the quarks would carry the
nucleon spin. This polarized DIS result indicated that the proton and neutron have surprising
spin structure, and probing this structure has become a major focus in our field.

The DIS experiments probe the nucleon using the electromagnetic interaction. The electro-
magnetic interaction scatters through electric charge, directly observing the effect of the charged
quarks and anti-quarks in the nucleon, but not the electrically-neutralgluons.

The RHIC spin program, colliding polarized protons at 1/s=200 GeV and above, uses the
strongly interacting quarks and gluons from one colliding proton to probe the spin structure of
the other proton. The RHIC program is particularly sensitiveto the gluon polarization in the pro-
ton, which will be independently measured with several processes. In addition, parity-violating
production of W bosons at RHIC will offer an elegant method to directly measure the quark and
anti-quark contributionsto the proton spin, sorted by type of quark. These measurements explore
the structure of longitudinally polarized protons. The transverse spin structure of the proton can
be different from longitudinal, and this is also a major topic at RHIC, and large spin asymmetries
have already been observed.

The RHIC spin program is underway. Highly polarized protons, P=45%, have been success-

36



fully accelerated to 100GeV, using unique sets of magnets called Siberian Snakes in the RHIC
accelerator. The first polarized collisions at 4/s=200 GeV took place in 2001, and polarization
and luminosity have been increased substantially since then. The RHIC spin accelerator complex
includes a new polarized source providing very high intensity polarized (P=80%) H ~ ions, new
partial” Siberian Snake magnets in the AGS accelerator, four *full” Siberian Snakes in RHIC,
and eight sets of Spin Rotator magnets in RHIC. Polarizationis measured with new devices in the
LINAC accelerator, the AGS, and in RHIC. Absolute polarization was determined at 100 GeV
using a polarized atomic hydrogen gas "jet” target in RHIC in 2004. Progress in polarization and
luminosity has been made by combining machine work with periods of sustained collisions for
physics.

The two large RHIC detectors, PHENIX and STAR ,have photon, electron, charged hadron,
and muon detectors, all important for the spin program. Measurements of the unpolarized cross
sections for 7° and direct y production, reported by the RHIC experiments, are described well
by QCD predictions. These predictions are based on a perturbative expansion of QCD and cal-
culations have been carried out to two orders for all important RHIC spin processes. Theoretical
understanding of these important probes for spin physics at RHIC is robust. First spin measure-
ments from RHIC have been published, showing a large spin asymmetry for #° produced in the
collision of transversely polarized beams, and a helicity asymmetry'for #° production, sensitive
to gluon polarization, consistent with zero.

We now summarize our findingson the four areas in the charge.

Science. Gluon polarization will be measured at RHIC using several independent methods:
70, jet, direct y and v+ jet, and heavy quark production. Results from the different methods
will both overlap to allow us to test our understanding of the processes involved, and expand the
range of momentum fraction for the measurements. WWe want to learn both the average contri-
bution to the proton spin of the gluons, as well as a detailed map. We use first the higher cross
section processes, 7% and jet production, and, as we reach higher luminosity and polarization,
the clean but rarer process of direct « production. We plan to emphasize these measurements for
v/8=200 GeV collisions from 2005-2008. At that time, we expect to have reached a precision
that can clearly distinguish between zero gluon polarization and a minimal (’standard™) gluon
polarization. A large gluon polarization, consistent with the gluon carrying most of the spin of
the proton, would be precisely measured. In this period we will also pursue the question of the
transverse spin structure. Gluons, massless spin 1 particles, cannot contribute to the trannsverse
spin. Large transverse spin asymmetries have been seen for DIS and now for RHIC, sothis topic
Is also a potential window into a new understanding of the structure of the nucleons.

Production of W bosons, the carrier of the weak interaction, has an inherent handedness. At
RHIC we plan to use this *parity violation™ signal to directly measure the polarization of the
quark and anti-quark that form the W boson. To do this we will run at the top RHIC energy,
\/5=500 GeV. This will provide the first direct measurements of anti-quark polarization in the
proton, with excellent sensitivity. e plan to begin these measurements in 2009. The W mea-
surementswill require completed detector improvements for both PHENIX and STAR.

The RHIC spin results will provide precise measurements of gluon and anti-quark polariza-
tion. With these results we will also understand the role of the remaining contributor to the
proton spin, orbital angular momentum. We will have also explored our understanding of the
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interconnected results from the different RHIC spin probes, and from the DIS measurements.
The sensitivity at RHIC for gluon polarization is shown in Figure 1, where we also include the
sensitivity for the ongoing DIS experiment.at CERN, which measures gluon polarization by the
production of hadrons. From the figure, we see that RHIC will provide precise results over a
large range in momentum fraction, characterizing the gluon contribution to the proton spin.

Figure 1: Delta G/G(x) vs. log x with a model, showing the X range for various RHIC pro-
cesses and with expected uncertainties. Also indicate 200 and 500 GeV data. Include COMPASS
expected uncertainties for Q% > 1.

The sensitivity of RHIC for anti-quark polarization is shown in Figure 2. We will measure
the ubar and dbar anti-quark polarization to about 3-0.01, as well asu and d quark polarization.
The measurement is direct and very clean, using parity violating production of W bosons. DIS
measurements also study anti-quark polarization. The method has the disadvantageof theoretical
uncertainties on modeling the fragmentation and the advantage that the method is accessible to-
day. The RHIC and DIS methods probe the proton at very differentdistances, or @2, where RHIC
correspondsto X Fermi and DIS to Y Fermi, compared to the proton radius 1 Fermi. The theory
of QCD prescribes how to connect the results from different probing distances—the description
of unpolarized DIS results over a very large distance range is one of the major successes of
QCD. Both the anti-quark and the gluon results from RHIC and DIS test the QCD assumption
of universality: the physics for both proton and lepton processes can be described with the same
underlying quark, anti-quark, and gluon distributions.

Figure 2: Delta Q/Q(x) vs. log X with a model, for u, d, ubar and dbar. Show RHIC expected
uncertainties, DIS (or show A% with DIS measurements and RHIC sensitivities?).

We emphasize that the planned RHIC program will make major contributionsto our under-
standing of matter. Our results will complement the DIS measurements, completed and planned.
We include in our report expectations from a next stage of DIS—colliding polarized electron.s with
polarized protons and neutrons which probes still further into the structure of matter. As w e de-
velop theoretical tools to apply QCD to understand this structure, these spin results will provide
a deep test of our understanding of the fundamental building blocks of matter.

Performance Requirements. The program requires RHIC beams with high polarization, and
high integrated luminosity. For our sensitivities above we have used P=0.7 and luminosity 300
pb~ at +/5=200 GeV and 800pb~* at /5=500 GeV. (Note that this would be "delivered’> lumi-
nosity, while the figures would use recorded luminosity. We would make this point in the body
of the report.)

The polarization level is presently P=0.45, and is expected to reach 70%polarization by
2006. This improvement is anticipated from new Siberian Snakes installed in the AGS i n 2004
and 2005.

The average luminosity at store must be increased by a factor 15 to reach the integrated
luminosity goals in three years of running, 10physics weeks per year. To achieve this will require
completion of the planned vacuum improvements in RHIC, expected for 2007. The luminosity
increase then comes from reaching a bunch intensity of 2x 10t. A limit will be caused by beam-
beam interactions that change and broaden the betatron tune of the machine, moving part of the
beam into a beam resonance region where beam is then lost. Work in 2004 discovered a new
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betatron tune for RHIC that greatly improves loss from the beam-beam interaction. RHIC at our
luminosity goal will be above previously reached tune spread limits, and will be close to vacuum
limits from the development of electron clouds.

Reaching these goals requires learning by doing. We plan to study limits and develop ap-
proaches to improve the polarization and luminosity during physics runs by including beam stud-
ies for one shift per day. It is also important that a sustained period of running and development
be followed, if possible each year. It is this approach that has led to the major improvements for
heavy ion luminosity and to our improvementsto this date in polarizationand proton luminosity.

Experiment Resources. The PHENIX and STAR detectors are complete, for the gluon polar-
ization program. Improvements to both detectors are required to carry out the W physics pro-
gram. Both experiments also plan upgrades that benefit both the heavy ion and spin programs,
significantly extending the range of physics probes for spin.

PHENIX. The present online event selection for muons, the channel used for W physics, will
need to be improved for the W luminosity. New resistive plate chambers (RPC) are being pro-
posed to provide the tighter event selection, along with electronics changes to the muon tracking
readout. The RPC proposal was submittedto NSF in January 2005, with a cost estimateof $ 1.8M.
The tracking readout proposal has been submitted to the Japan Society for the Physical Sciences,
with a cost of $1.0M. The planned timeline for both is to complete for the 2008 run.

STAR. New tracking for forward electrons from W decay is necessary for the W pro gram.
It is planned to propose this upgrade in 2006 to DOE, with an estimated cost of $5M, although
research and development on the technology (GEM detectors)is proceeding and the cost estimate
Is rough at this time. The forward tracking detector is to be completed for the 2010 run, with part
of the detector in place earlier.

Heavy lon/Spin Upgrades—PHENIX. PHENIX plans a barrel micro vertex detector which
gives access to heavy quark states and to jet physics based on tracking. The heavy quark data
will add a new probe for gluon polarization at lower momentum fraction (shown on Fig. 1).
Thejet information will be used in correlated («+jet) measurements, which better determine the
subprocess kinematics for gluon polarization measurement. A second upgrade being planned is
to change the brass nose cones”, used as a filter for the muon arms, to active calorimeters that
will measure photons, #°® and jet energy. The nose cone calorimeters would provide a larger
momentum fraction range for the gluon polarization measurements. Both are important upgrades
for the heavy ion physics program. The vertex detector is planned for the 2008 run,and the nose
cone calorimeter proposal is being developed now.

Heavy Ion/Spin Upgrades-STAR. Expanded forward calorimeters are being proposed for
STAR to NSF in January 2005. The calorimeters will measure the gluon density for proton-
gold collisions,and will also provide very significant spin measurements. With the calorimeters,
forward 7, v, andjet eventscan be observed, giving sensitivity to gluon polarization at lower mo-
mentum fraction, as shownon Fig. 1. A secondupgrade drivenby the heavy ion program, a barrel
inner tracker, will give access to heavy quark measurements for spin. The forward calorimeters
are to be in place for the 2007 run. The barrel inner tracker is to be completed for the 2077 run.

To summarize, the muon trigger improvements for PHENIX and the forward tracking upgrade
for STAR are necessary for the W physics program shown in Fig. 2. PHENIX expectsto be ready
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for afull 500 GeV program by 2009, and STAR expects to have part of its detector ready for 20009,
andthe full tracker for 2010. Heavy ion/spin upgrades are being planned that significantly expand
the range and sensitivity for spin measurements.

Impact of 10 and 5 Physics Weeksper Year We have been requested in the charge to consider
two scenarios: 10 and 5 spin physics weeks per year. We would like to emphasize that we
expect the actual running plan to be developed from the experiment beam use proposals. Our
consideration of these scenarios should not suggest that we advocate a change to this successful
approach.

We show in Fig. 3 the impact of 10and 5 spin physics weeks per year. The target” represents
the luminosity used for the sensitivities shown in the figures above. With 10weeks per year, we
achieve the /s=200 GeV target in 3 years, where we assume that we successfully climb the
learning curve to reach the target store luminosity. The 500 GeV running target is also expected
to be achieved in 3 years (there is a natural luminosity improvementfor 500 GeV of a factor of
25 over200 GeV from the smaller cross section beams).

With 10spinphysics weeks per year, ow proposed target sensitivitiescan be reached running
at 4/s=200 GeV from 2005-2008, and at 1/s=500 GeV from 2009-2012, where we have assumed
that 2009 will be an **engineering**year, learning to handle the high luminosity and to commission
the new detectors. This is our proposal.

As can be seen in Fig. 3, running 5 spin physics weeks per year (we have interpreted this as
running 10spin physics weeks every two years to improve end effects), each program, 200 GeV
and 500 GeV, takes more than 6 years. Under this scenario RHIC would run roughly 25% of the
year, and both the heavy ion and spin programs would be stretched a factor of greater than two in
calendar time.

Fig. 3: pp luminosity projections for 10and 5 physics weeks per year (5=10/2).

2 The case for RHIC Spin

2.1 Introduction: what we have learned so far (Werner - still very much
under construction! | have more, but it's not in yet.)

Spin physics at RHIC has largely been motivated by the exciting and unexpected results from the
tremendously successful experimental program on polarized deeply-inelasticscattering over the
last ~ 30 years. At the center of attention was the nucleon's spin structure function g1 (z, @?).
These data have provided much interesting information about the nucleon and QCD. They have
given direct access to the helicity-dependent parton distribution functions of the nucleon,

Af(z,@)=f"-f (f=4¢a¢9), ‘ (1)

which count the numbers of partons with same helicity as the nucleon, minus opposite. Fig. 1
shows a recent compilation[?] of the world data on g; (z, @), and results of a recent analysis of
those data in terms of the Af.
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Figure 1: Left: ‘data on the spin structure function g;, as compiled and shown in [?]. Right:
analysis of polarized DIS in terms of spin-dependentparton densities of the nucleon. The shaded
bands display the currentuncertainties (statistical only) [?].

Polarized DIS actually measures the combinations Ag +Ag. Fromz — 0 extrapolation of
the structure functions for proton and neutron targets it has been possible to test and confirm the
Bjorken sumrule [?]. Polarized DIS data, when combined with input from hadronic 3 decays,
have allowed to extract the — unexpectedly small — nucleon's axial charge ~ (P|¢~v*4°¢|P),
which is identified with the quark spin contribution to the nucleon spin[?].

2.2 Compelling questions in spin physics

The results from polarized inclusive DIS have led us to identify the next important goals in our
quest for understanding the spin structure of the nucleon. The measurement of gluon polariza-
tion Ag = g% — g~ is a main emphasis at several experiments in spin physics today, since Ag
could be a major contributor to the nucleon spin. Also, more detailed understanding of polarized
quark distributions is clearly needed; for example, we would like to know about flavor symmetry
breakings in the polarized nucleon sea, details about strange quark polarization, the relations to
the ), D values extracted from baryon g decays, and also about the small-z and large-z behavior
of the densities. Again, these questions are being addressed by current experiments. Finally, we
would like to find out how much orbital angular momentum quarks and gluons contribute to the
nucleon spin. Ji showed [?] that their total angular momentamay be extracted from deeply-virtual
Compton scattering, which has sparked much experimental activity also in this area.

o initial information on spin structure of the nucleon, spin “crisis” & spin sumrule
o motivation for studies of gluon polarization Ag and for further studies of quark polarization
e parton angular momenta
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e transverse-spinasymmetries, transversity, parton correlations, parton transverse momentum &
spin, and what they tell us about the nucleon

¢ physics of elastic scattering

¢ wider context of nucleon spin structure

e why polarized pp scattering to answer these questions ? What can it probe ? Complementarity
to DIS

(leads into next section)

2.3 Unpolarized pp scattering (Stefan & Werner)
231 Introduction

The basic concept that underlies most of RHIC spin physics is the factorization theorem [1].
It states that large momentum-transfer reactions may be factorized into long and short-distance
contributions. The long-distance pieces contain information on the structure of the nucleon in
terms of its distributions of constituents, “partons”. The short-distance parts describe the hard
interactions of these partons and can be calculated from first principles in QCD perturbation
theory. “Whilethe parton distributions describe universal properties of the nucleon, that is, are
the same in each reaction, the short-distanceparts carry the process-dependence and have to be
calculated for each reaction considered.

As an explicit example, we consider the cross section for the reactionpp — #(p)X, where
the pion is at high transverse momentum p_, ensuring large momentum transfer. The statement
of the factorization theorem is then:

do = Z/dxa/dfl;b/dzc fa(xaaﬂ) fb(xbﬁ") D;’(zc,,u)

a,b,c
X da—gb(xaPAa szB7 Pﬂ/zm H’) 7 (2)

where the sum is over all contributing partonic channels a +b — ¢+ X , with d 3¢, the associated
partonic cross section. Any factorization of a physical quantity into contributions associated with
differentlength scales will rely on a “factorization” scale that defines the boundary betweer: what
is refered to as “short-distance™ and “long-distance”. In the present case this scaleis represented
by # in Eq. (2). p is essentially arbitrary, so the dependence of the calculated cross section on
4 represents an uncertainty in the theoretical predictions. However, the actual dependerice on
the value of 1 decreases order by order in perturbationtheory. This is a reason why knowledge
of higher orders in the perturbative expansion of the partonic cross sections is importarxt. We
also note that Eq. (2) is of course not an exact statement. The factorized structure does become
arbitrarily accuracte at very high momentum transfer. At lower momentum transfer, there are
corrections to Eq. (2) as such, which are down by innverse powers of the hard scale. These are
the so-called “power-suppressed” (or, less precisely, “higher-twist™) contributions. They involve
interesting physics per se, as we will see for one example in the section on transverse spin below.
Concerning the study of parton distribution functionsthey are to be regarded as “contaminations”,
and one has to be sure that they are rather unimportant for the kinematics of interest.

Eq. (2) offers the possibility to study nucleon structure, represented by the parton dexsities
Jap(z,p), through a measurement of do, hand in hand with a theoretical calculation of &£ 5. In
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Figure 2: Factorization in terms of parton densities, partonic hard-scattering cross sections, and
fragmentation functions.

this particular example, the fact that we are observing a specific hadron in the reaction requires
the introductionof additional long-distance functions, the parton-to-pion fragmentationfunctions
DT, These functions have been determined with some accuracy by observing leading pions in
ete~ collisions and in DIS [2]. A graph such as in Fig. 2 serves as an illustration of QCD
factorization[1].

As mentioned above, the partonic cross sections may be evaluated in perturbation theory.
Schematically, they can be expanded as

dse, = d5s® + 2 d“c’(l) . 3)

d&,‘j},(o) is the leading-order (LO) approximation to the partonic cross section. The lowest or-
der can generally only serve to give a rough description of the reaction under study. It merely
captures the main features, but does not usually provide a quantitative understanding. T he first-
order (“next-to-leadingorder” [NLQO]) corrections are generally indispensable in order to arrive
at a firmer theoretical prediction for hadronic cross sections. Only with knowledge of the NLO
corrections can one reliably extract information on the parton distribution functions from the re-
action. This is true, in particular, for spin-dependent cross sections, where both the polarized
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Figure 3: Data from Phenix and STAR for inclusive#® production at RHIC,

Figure 4: Data from Phenix for inclusivepp — X production at RHIC.

parton densities and the polarized partonic cross sections may have zeros'in the kinematical re-
gions of interest, near which the predictions at lowest order and the next order will show marked
differences.

There have already been results from RHIC that demonstrate that the NLO framework out-
lined above is successful. Figure 4 shows comparisons of data from Phenix and STAR for
inclusive-pion production pp — «°%X with NLO' calculations. As can be seen, the agreement
is excellentat central and forward rapidities, and down evento p, values as low as p, 2 1GeV.
Similar comparisons are shown for prompt-photon production pp — X in Fig. 22, showing a
similar level of agreement. We note that such an agreement was not found in previous compar-
isons of NLO calculations and data in the fixed-target regime. The good agreement of the pion
and photon spectra with NLO QCD at RHIC’s /.S, and the good precision of the RHIC data
provide a solid basis to extend this type of analysisto polarized reactions. They give confidence
that the theoretical hard scattering framework also used for calculations for RHIC spin is indeed
adequate.

Fig. 5 decomposes the #® cross section at central rapidities into the contributions from the
two-parton initial states. It is evidentthat for p; < 15GeV processes with initial gluons dominate
by far. This is even more pronounced in case of prompt-photon production, where the Compton
process gg — ~vq is responsible for more than 90% of the cross section. This implies that such
reactions are excellent probes of gluons in the nucleon, and suggests to use them in polarized
collisions to learn about gluon polarization. We will now turn to polarized pp collisions at RHIC.
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Figure 5: Partonic decompositionof the initial and final state of p p collisions at 200 GeV.

2.4 Probing the spin structure of the nucleon n polarized pp collisions
(Marco & Werner)

The basic concepts laid out so far for unpolarized inelastic pp scattering carry over to the case of
polarized collisions: spin-dependent inelastic pp cross sections factorize into “products” of po-
larized parton distribution functions of the proton and hard-scattering cross sections describing
spin-dependent interactions of partons. As in the unpolarized case, the latter are calculable in
QCD perturbation theory since they are characterized by large momentum transfer. Schemati-
cally, one has for the numerator of the spin asymmetry:

dAc= ) Ac® Ab® dAse, @

a,b=q,4,9

where ® denotes a convolution and where the sum is over all contributing partonic channels
a+b — ¢ X producing the desired high-py or large-invariant mass final state. dAé&g; is
the associated spin-dependentpartonic cross section. Eq. (4) equally applies to longitudinal and
transverse polarization. In the former case, the parton densities are the helicity distributions
introduced in the previous section, and the spin-dependent partonic cross sections are defined as

dA&ab = da—ab('*"“l‘) - d6ab(+—) ’ (5)

the signs denoting the helicities of the initial partons a,b. In case of transverse polarization,
the parton densities are the transversity distributions to be discussed in more detail below, and
the partonic cross sections are defined similar to 5, but for transverse initial polarization. One
then customarily uses a smallé to designate polarized quantities instead of a captial one. In this
section, we will focus on the longitudinal case; we will return to transverse polarization in the

next section.
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Reaction Dom. partonic process | Pol. parton distrib. | Status & Ref.
T+ X 39 — g9 Ag NLO [2, 7]
g9 — qg
PP — jet(s) + X 37 — gg Ag NLO [?]
4g — ag
qg9 — g Ag NLO[?, 2, 7]
qg — vq Ag NLO [2, 7]
oy +X dq = vy Agq, Ag NLO [?]
PP — DX, BX gg — cc, hb Ag NLO[?]
PP — ptuX qG— 7" — ptp Ag, Ag NLO[?,?, 7]
(Drelk-Yan) NNLO [?]
B~ (Z°WHX | 77— (2°,W%) Ag,Aq NLOT?, 2 ?
pp— (Z°, W*)X

Since the partonic cross sections are calculable from first principles in QCD, Eq. (4) may
be used to determine the polarized parton distribution functions from measurements of the spin-
dependent pp cross section on the left-hand side. Another crucial point here is that, as discussed
in the previous section, the parton distributions are universal, that is, they are the same in all
inelastic processes, not only in pp scattering, but also for example in deeply-inelasticlepton nu-
cleon scatteringwhich up to now has mostly been used to learn about nucleon spin structure. This
means that inelastic processes with polarization have the very attractive feature that they probe
fundamental and universal spin structureof the nucleon. In effect, we are using the asymptotically
free regime of QCD to probe the deep structure of the nucleon, which is clearly nonperturbative.

At RHIC, there are a number of interesting and measurable processes at our disposal. The
key ones, some of which will be discussed in detail in the following, are listed in Table 1, where
we also give the dominant underlying partonic reactions and the part of nucleon structure they
probe. Basically, for each one of these the parton densities enter with different weights, s o that
each has its own role in helping to determine the polarized parton distributions. Some will allow
a clean determination of gluon polarizations, others are more sensitiveto quarks and antiquarks.
Eventually, when data from RHIC will become available for most or all processes, a ""global**
analysis of the data, along with information from lepton scattering, will be performed which then
determines the Aq, Ag, Ag.

As we have already mentioned a number of times, the partonic cross sections are calculable in
QCD perturbation theory. The sensitivity with which one can probe the polarized parton densities
will foremost depend on the weights with which they enter the cross section. Good measures for
this are the so-called partonic analyzing powers. The latter are just the spin asymmetries

o, = BOa(F+) —dow(+-) ©)

B2 T 8oy (++) Fdbas(+-)
for the individual partonic subprocesses. Figure 6 shows these analyzing powers at lowest order
for most of the processes listed in Table 1. One can see that the analyzing powers are usually
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Figure 6: Spin asymmetries for the most important partonic reactions at RHIC at lowest order in
QCD. Left: helicity dependence, right: transverse polarization.

very substantial. For future reference, we also give the subprocess asymmetries for transverse
polarization.

It is also very important that the partonic analyzing powers be known accurately. This means
that one should include, where available, at least the first-order (“next-to-leadingorder” (NLO))
QCD corrections to the partonic hard-scattering cross sections. NLO corrections significantly
improve the theoretical framework; it is known from experience with the unpolarized case that
the corrections are indispensable in order to arrive at quantitative predictions for hadronic cross
sections. Indeed, as we have seen in the preceding subsection, the perturbativeframeworkat NLO
leads to an excellent agreement of theory calculations with RHIC high-pr cross section data in
the unpolarized case. The past few years have seen a tremendous progress on the correspond-
ing calculations of NLO corrections for the spin-dependent proceses, with the corrections now
known for literally all relevant processes. In some cases, next-to-next-to-leadingorder (NLLO)
corrections are known, and all-order QCD resummations of large perturbative corrections have
been applied occasionally. In summary, all tools are in place now for an adequate theoretical
treatment the spinreactions relevant at RHIC.

We will now address some of the most important processes in more detail, summarizing
theoretical predictions and experimental plans and prospects at RHIC. We will start with those
that are sensitive to gluon polarization in the proton, and then discuss W production which will
give information about the quark polarizations.

24.1 Probing gluon polarization (from here on we’ll need to insert things from Steve Vig-
dor below!)

As follows from Table 1, gluon polarization can be probed in a variety of ways at RHIC. This
Is important, since it will important cross-checks testing the consistency of the various measure-
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ments and of the theoretical framework.

Prompt-photon production. The “gold-plated” channel at RHIC is prompt-photon production
pp — X which is largely driven by the Compton process gg — ¢ and is a particularly
probe clean thanks to the photon final state. We emphasize again that from the results
shown in the preceding section, Fig. ??, we know that NLO theory provides a good de-
scription of the unpolarized cross section forpp =+vy.X already measured at RHIC, which
gives confidence that NLO predictions for the double-spin asymmetry for pp — ~X are
realistic as well.

Figure 7 shows such theoretical NLO calculations for A7, at RHIC,for v/S = 200 GeV.
An isolation cut on the photon has been imposed. The key point is now to assess the
sensitivity to gluon polarization, Ag. To do this, we choose the sets of polarized parton
distributionsby [?] that we already introduced in Figure ??. As we discussed there, the
shaded bands representthe “1-0* uncertainties with which we currently know the densities
from deeply-inelastic scattering. The authors of [?] provide parameterizations of parton
density sets that span these bands, which are ideally suited for estimating the sensitivi-
ties and expected improvements from RHIC. For the reader’s convenience, we show in
the left part of Fig. 7 again the uncertainty in the polarized gluon density, which turns out
to be the clearly dominant factor here. The shaded band translates into the band shown
for A7, on the right-hand-side, which would then represent the uncertainty related to Ag
which we would currently have in predictions of that spin asymmetry. For further com-
parison, we also show a theoretical prediction based on a very negative gluon polarization
function [?], which is currently only marginally excluded by the DIS data. The error bars
given in the figure are projections for statistical errors achievable at RHIC with polariza-
tion P = 0.7 and integrated luminosity £ = 100/pb. Figure 8 shows similar results, but
at+/S = 500 GeV, and with expected errors for 7 = 0.7 and £ = 300/pb. It is evident
that RHIC measurements will significantly reduce the uncertainty in Ag through prompt
photon measurements alone.

High-pr pion and jet production. Hadrons and jets are very copiously produced in pp colli-
sions, which results in very small statistical uncertainties of the spin asymmetries.

(Anti)quarks from W production Hadrons and jets are very copiously produced in pp colli-
sions, which results in very small statistical uncertainties of the spin asymmetries.

25 RHIC Spin Report for DOE: Outline of Gluon Section 2.3.2 (by S.
Vigdor)

(each major heading represents 1 paragraph; some of the figures will likely appear in other
sections of the report)
A. Experimental approachesto determining gluon helicity preferences in p+p

1. Advantages of p+p: direct gluon involvement at LO; sizable pQCD spin sensitivity via
ALL. 2. Goals: improve statistical precision on (g(x) by at least a factor 2 vis--vis DIS analyses,
for x 0.1; reduce interpretation uncertaintiesvia direct sensitivity;extend measurements to as low
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Figure 10: Same as Fig. 7, but for pp — 7°X at slightly forward rapidities, 1< 5 < 2.

sensitivity); results with different constraints on flavor and x-range of collidinig partner parton;
quark polarizations extracted from p+p with those from DIS. 4. Figure: LO Feynman diagrams
relevant to jet, photon and heavy flavor production.

B. Abundant probes: inclusivejet and pion ALL

1. Advantages: large cross sections; NLO success for (0 cross sections; sigraificant (g sensitiv-
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Figure 12: Same as Fig. 7, but forpp — jetX at rapidities, 1< n < 2 and v/S = 500 GeV.

ity. 2. Disadvantages: competition among LO subprocesses; combination of linear and quadratic
sensitivity to (g, and pT-dependent dilution from gq contributions; sensitivity to fragmentation
functions and convolution over significant range of partonic pT scales; possible jet trigger bi-
ases; averaging over substantial x-range. 3. (0 and jet reconstruction efficiencies in PHENIX,
STAR 4. Projected timeline and achievable uncertainties, compared to models consistent with
DIS'database. Figures: PHENIX (0, ALL results and projections; STAR jet ALL projections for
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Figure 13: Same as Fig. 12, but for v/S = 200 GeV.

run 5.
C. Dijet and dihadron correlations

1. Measure ALL as function of pT and ((: exploitunpolarized PDF differencesand quark vs.
gluon fragmentation differences to vary partonic subprocess sensitivities in controlled way. 2.
Figure: from Les,to indicate subprocess sensitivity for different rapidity intervals in di-hadron
measurements (?)

D. Inclusive direct photon production

1. Advantages: dominance of QCD Compton at LO; direct measurement of pT for partonic
subprocess (modulo kT uncertainties). 2. Interpretation issues: NLO difficulties for cross sec-
tions; fragmentationphoton contributions, and the effect of experimentally achievable isolation
cuts on analysis; how low in pT is analysis robust? 3. Experimental issues: low cross section;
(O background suppression; need to develop isolation cuts in association with theorists; ( recon-
struction efficiency. 4. Figures: (1D from PHENIX; projected ALL uncertainties for 200 pb-1
delivered, 70

E. Photon-jet and photon-leading hadron coincidences

1. Advantages: comparable statistical sensitivity to inclusive photon; event-by-event con-
straints on colliding parton kinematics permit systematic study of sensitivity to cuts, variation
of asymmetries with X of collision partner, etc. 2. Disadvantages: jet reconstruction may im-
pose more stringent low-end limit than photon detection on pT extent of useful measurements.
3. Projected timeline and achievable uncertainties and x-range compared to DIS, COMPASS,
SMC, HEMES. 4. Figure: STAR simulations of ALL, x(g(x) LO extraction, scaled for 200
pb-1 delivered at 200 GeV, for estimated ( reconstruction efficiency and for pT ¢ 5 GeV/c.
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F. Heavy flavor production

1. Features: independent channel to cross-check results; emphasizes g-g fusion, quadratic
sensitivity to (g; small x accessible via forward lepton detection. 2. Interpretation issues: how
well understood are charm production cross sections? How cleanly can different contributions
be separated in inclusive lepton channels? 3. Experimental issues: can displaced vertex cut
with improved inner tracking improve heavy flavor 1D significantly without too much sacrifice in
yield? 4. Figure: PHENIX projection of open charm ALL.

G. Importance of measurements at 2 energies

1. Approaches to extending to lower x: raising energy; increasing forward coverage (subject
to pT limit for interpretability); need to get beyond maximum in x(g(x) to constrain integral (g.
2. Need for 200 GeV: gives overlap with COMPASS, etc. sensitivity; constrains x(g(x) where
uncertainties from DIS analysis are largest. 3. Need for 500 GeV: permits sensitivity down to
xg 0.01; permits test of evolution and robustness of analysis, by comparison of results at similar
X, different pT. 4. Figure: Projection of STAR (g(x)/g(x) uncertainties achievable with 200 pb-1
(delivered) at 200 GeV and 500pb-1 (delivered)at 500 GeV, compared to models consistent with
DIS database, COMPASS achieved & projected, etc.

2.6 Transverse spin structure

o why it is different from longitudinal (Jianwei)

o history, previous Ax measurements (Les,Matthias,Akio)
- Description of E704[7] and why it was a surprise[8]
- Theory developments since then: Sivers[13], Collins[14] and Boer{15] with k7 factorization.
Also describe collinear twist-3 approach[16, 17]
- Predictions for /s =200 GeV][ 18, 19, 16,17] and more recent developments{20]
- More recent pp experiments[9] and SDIS experiments[10, 11]
- RHIC results[12], Ay at large 7 stays at an order larger /s
- Need cross sectionat 1/s = 200 GeV arguments? Note that there is separate section for it
- Fig14 shows Ay from 3 RHIC experiments

o mapping Ay in zr and pr plane (Les,Matthias,Akio)
- Mapping Ax inzr and pT" plane
- pQCD prediction of 1/pr dependence and importance of measurement, need for more data
- Interests in very large z#[21] and soffer bounds[22]
- Negative zz and sensitivity to gluon Siver’sfunctions[20][12]
- Global fits with pp data and SDIS(?)
- L and P requirements
- Fig15 shows projection for Ay as function of py for STAR

o Away side di-jet/hadron for Sivers (Les,Matthias,Akio)
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Figure 14: Single Spin asymmetry A, for «#° production at STAR (Left), #~ production at
BRAHMS (Middle) as function of z at forward rapidity. Ay for 7% production from PHENIX
(Right) as function of p at mid-rapidity.
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theory prediction for Collins effect (need citation!) for zz = 0.5 is also shown.
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Figure 16: Predictions for the spin asymmetry AN.for back-to-back dijet productionat sgrts =
200 GeYV, for various differentmodels for the gluon Sivers function. The solid line marked as
“(iii)+Sud” shows the impact of leading logarithmic Sudakov effects on the asymmetry for model

(iii)[23].

- Need to go beyond inclusive measurementto disentangle different effects (except Ax for "'in-
clusive” jet at forward)

- Di-jetmeasurement for gluon sivers measurement for non-power supressed/direct kr sensitivity[23]
- Di-hadron measurements at forward — to access large X quark sivers?

- Connection to parton motion/orbital angular momentum/GPD, “modified” universality, etc?
(maybe in theory section?)

- L and P requirements

- Fig16 shows theory prediction for di-jet Ax (no exp error estimate yet)

o Near side di-hadron for Collins (Les,Matthias,Akio)
- Transversity, lastunmeasured leading twist quark PDF, no gluon transversity, Latticeresults(maybe
in theory section?)
- Collins and Interference FF[14], and describe models[24]
- How to measure - azimuthal correlation between hadrons within ajet
- Getting FF from e+e- to tum into Transversity measurement[25]{26]
- Measuring over large pr and rapidity range to see z z; dependence of transversity
- L and P requirements
- Fig(yet coming): transversity measurement at PHENIX with 30/pb and P=0.5 by Matthias

o Arr(jet, photon, DY) and beyond (Les,Matthias,Akio)
- This measures ég x dgbar [27], no need for FF, but small
- DY need more luminosity[28]
- Transversity from J/psi[29]
- Sivers from D mesons[30]
- L and P requirements
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Figure 17: Maximally possible A for single-inclusivejet production at sqrts = 200 and 500
GeV as a function of pT. Jet rapidities are integrated over -1 < n < 2. The shaded bands
represent thetheoretical uncertainty in Azr estimated by varing scale by factor 2. Also indicated
as error bars is the expected statistical accuracy with design luminosity of the RHIC [27].

- Fig17 shows maximum A{}E} and projection for STAR acceptance

o assess what requirements would be for key measurements here, and how they would com-
pare to longitudinalrunning(Les,Matthias,Akio)
- 3/pb, p=0.5 : Inclusve
- 10/pb, p=0.5 : Siversfrom di-jetkadron
- 30/pb, P=0.5 : Transversity measurement from di-hadron correlations within ajet
- 100/pb, P=0.7 : Apr of jet/hadron
- 1000/pb, P=1.2 : DY
- 113to 1/4 of beam time, and we’ll have intermediatphysics as LP develops.
- STAR and PHENIX are independent for choice of long and trans
- Most of measurements prefers /s =200 GeV

2./ “What else is going on in the world”

o briefly discuss current efforts in DIS and their expected results & timelines (Ernst, Akio)
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2.8 Soft interactions of polarized high energy protons (L. Trueman)

e Historically, when high energy hadronic beams first became available, near-forward elastic
scattering was at the center of attention, largely because the optical theorem encodes the sum of
cross sections into the forward amplitude. With the advent of QCD attention turned to high en-
ergy primarily as a source of rare events with large momentum transfer: short-distanceprocesses.
Short-distance processes are only part of the picture, however, even for high-energy hadronic
collisions. A large and growing community of theorists and experimentalists is making strides
toward understanding what makes up the bulk of the high-energy cross section in proton-proton
collisions: low-momentumtransfer elastic and diffractive scattering. The theory of near-forward
elastic scattering at very high energy predates QCD, of course, and not long before the gauge the-
ory revolution, Regge theory provided the predominant approach to this kinematic domain. It was
displaced by QCD in the foreground of theoretical interest, in part because there are few results in
Regge theory that can be derived from first principles in quantum field theory. On the other hand,
Regge theory remains a valuable tool to organize an important kinematic region where it is most
difficult to get answers from first-principles QCD: long distances and low momentum transfers.
o Conceptually, the simplest measurement is the total cross section oo, Which is given by the
imaginary part of the forward spin-independentamplitude. Closely related is p(s), the ratio of
the real-to-imaginary parts of the amplitudeatt = 0. The value of the slope of the forward ampli-
tude B is also very useful to know. All of these quantities have spin dependent variants for both
transverse and longitudinally polarized protons. A little information is known about this spin
dependence, but not much, and the information would be very useful in determining the Regge
dynamics. '

o For the differential cross section ﬂ’;(,f—t) we can roughly divide the near-forward elastic scattering
into four fairly well-defined regions, toward increasing —¢: the Coulomb interferenceregion, the
diffractive (or pomeron exchange) region, the ”dip” region, and the beginning of the perturbative
region. The physics of each of these regions is different and the spin-dependencecan be used as
a tool for analyzing these different dynamics.

o In the very forward region, the nuclear and electromagnetic amplitudes are of comparable mag-
nitude, resulting in a small but significant maximum in the single transverse spin asymmetry A n
making it a useful quantity for polarimetry. First measurements of Ay have been made RHIC
with colliding polarized beams and also with a polarized proton gas jet target, with some very
precise and interesting results already reported. Successful applications to polarimetry have been
made at the same time.

o At somewhat larger —1t, the spin dependent asymmetries are sensitive probes of the various
Regge exchanges which contribute the hadronic amplitudes. Of special interest is the C-odd,
three-gluon exchange giving rise to the putative “odderon” which contributes to the observed
difference between pp and p scattering in the dip region. It has a very distinctive interference
pattern with the pomeron at small —¢ , observable in both Ay and the double transverse spin
asymmetry Ayxy. More generally, the spin-dependence of most Reggeons is not known at all,
except in the CNI region where first information on this is emerging from the early RHIC polar-
ized protonruns. This knowlege is crucial to understanding the fundamental nature of the various
Reggeons, in particular the pomeron.

o Passing through the dip region toward the perturbative QCD region, a steep exponential fall
with momentum transfer, characteristic of pomeron exchange matches on to an approximatet =2
dependence at larger —-t in the unpolarized cross sections. The latter has a natural interpretation
in terms of three vector exchanges between pairs of valence quarks. Whether these individual
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scatterings should be thought of as single gluons, or as (at least in part) perturbative exchanges in
color-singlet configurations remains to be seen. This profile is fairly stable with energy, even as
the details of its shape change. The observation of a stable profile in polarized elastic scattering
at RHIC would surely initiate a new class of theoretical investigations.

o The dramatic spin dependence of proton-proton elastic scattering at moderate —# observed in
the Argonne and BNL experiments of twenty years ago remains an outstandingpuzzle. Sensitive
measurements of the same quantities as a function of energy at RHIC could be the key missing
piece.

¢ Beyond the quantities Ay and Ay there are several other double spin asymmetries which
could be measured with the use of spin rotators: Az, Ass and Asr. These are likely to be small
and difficult to measure, but their values would put strong model-independent constraints on the
pp amplitudes. They could, in principle, be used to provide a self-calibratingpolarimeter.

o A complete understanding of the Regge theory of pp scattering requires the knowledge of the
isospin of the various Regge contributions. This can be obtained by using beams or fixed targets
of nucleii to scatter on the polarized proton beam. Significant success has already been made
using a carbon filaments target and this will be pursued in the future. Deuterons and He? nuclei,
either polarized or unpolarized, should also be considered as ways to get at the pn scattering spin
dependence.

e Inelastic diffractive scattering is closely related soft physics that goes beyond elastic scattering.
This includes exclusive smallangle resonance production and various rapidity gap measurements.
These have been carried out for unpolarized protons and are interpreted in terms of the scattering
of the pomeron on the proton or the pomeron on another pomeron (**double pomeron exchange')
depending on the configuration. This last has been argued to provide a special source of exotic
mesons and, in particular, glueballs. The systematic extension to the spin dependence is certain
to help our understanding of these processes; for example, how does the ¢ dependence of the
rapidity gaps depend on the spin state of the proton? Much theoretical work remains to be done
in this area in order to optimize the kinematics and understand the signatures.

2.9 Future plans/ideas at RHIC
2.9.1 Physics beyond the Standard Model (M.J.Tannenbaum)

At RHIC, the standard model parity violating effects are large. In inclusivesinglejet production,
the leading strong interaction process, the two-spin parity violating asymmetry, ALY, due to the
interference of gluon and W exchange is ~ 1%t /s = 500 GeV (see Fig. 18 SM). Of course,
a more spectacular effect at RHIC concerns the direct production of the Weak Bosons, W * and
Z°, visible through their di-jet or di-lepton decay. The peak from W — Jets is evident in Fig. 18.
Flavor-identified structure function measurements using W= production are discussed elsewhere

Figure 18: Prediction [34] for ALY in inclusive jet production at RHIC. Solid curve is standard
model (SM), with error bars corresponding to sensitivity with L = 0.80 fb~* integrated luminos-
ity. Dot-dash curves are contact model of quark compositenesswith A, = 1.6 TeV.

in this document. Here we concentrate on the physics beyond the standard model that is opened
up by searches for parity violating effects at RHIC. A typical example of such a possibility is
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guark compositeness or substructure [31]. Composite models of quarks and leptons [32] gen-
erally violate parity, since the scale of compositenessA. > Myy. Without the Parity Violating
Asymmetry (PV A)handle, detectors at the Tevatron are limited to searching for substructure by
deviations of jet production from QCD predictions at large values of pz. It is difficult to prove
that a small deviation is really due to something new. However a few % parity-violation effect
would be a clear indication of new physics. The experimental limit is presently [33] A, & 1.6
TeV. The estimate of sensitivity to compositeness at RHIC [34] with this value of A, is shown
on Fig. 18. The error bars shown on the standard model correspondto L = 0.80 fb~! integrated
luminosity. Structurefunction uncertainties can be calibrated outusing the PVA in W — Jet (in-
clusive) which is clearly visible on the plot. The limits of sensitivity for A. in the contact model
of quark compositeness [35] are tabulated in Table 2 for the standard L ~ 1fb~! integrated lu-
minosity of the original RHIC-spin run plan. The limits increase siginificantly with factors of 10

V5 GeV | L) | A, (TeV)
500 1 33
500 10 55
500 100 75
650 1 38
650 10 6.3
650 100 8.8

Table 2: Limits on A(e = —1) at 95% CL, P=0.7, A = 1, 10% systematic error in Asymme-
try [35].

and 100increase in luminosity (but for this reaction, are not much improved with increasing c.m.
energy). For comparison, at the Tevatron, sensitivity is A, ~ 4 TeV for L =2 fb=* (Run1I) and
5 TeV for 30fb~! (Run 111)and A, ~ 20-30 TeV at the LHC for L = 10— 100fb~. Of course,
even if an anomaly were found at either the Tevatron or the LHC, only RHIC will be able to
provide polarization information on the anomaly to determine what its chiral properties are and
whether it is a new interaction, a supersymmetricparticle, or anything with a non-standard-model
spin signature.

2.9.2 Physics beyond the Standard Model (V. L. Rykov and K. Sudoh)

RHIC-Spin potential for uncovering new physics beyond the Standard Model (SM) has been
explored in a number of last decade publications. Our purpose in this section is to illustrate this
new potentiality by means of a few specific examples.

The non-SM modificationsof parity-violating helicity asymmetry A, = (ot —07) /(o +07)
for one-jet productionin collisions of the longitudinallypolarized protons at unpolarized has been
studied in Refs. [36, 37]. Inthe A4;, definition above, o+ and o~ are for the cross sections™* with
the positive and negative helicities of the initial protons, respectively. In the SM, inclusive jet
production is dominated by the pure QCD gg. gg. and gg scattering which conserve a parity.
However the existence of electroweak interactions through the W= and Z gauge bosons gives

*Qrdifferentialcross sections.
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a small contribution to 4;. Consequently, the Ay, is expected to be nonzero from the QCD-
electroweak interference (as shown in Fig. 19). Additionally, a small peak near Ex = M, z/2 is
seen, which is the main signature of the purely electroweak contribution. The existence of new
parity-violating interactions could lead to large modifications of this SM prediction [39].

008 T 1
Pp—iet X,Vs = 500 GeV
I¥[<0.5, JL dr = 800 pb! /'

A=2.0 TeV
en=-1

Mz=Mz
flipped SU(3)

Mz'=200GeV/c?

0.04 .- | flipped SU(5)

SM

Mz'=300GeV/c?

_____

Mz'=200GeV/Z
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en=+1
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Er (GeV)

Figure 19: Ay, for one-jet inclusive production in gp collisions versus transverse energy, for
/s =500 GeV. The solid curve with error bars represents the SM expectations. The error bars
show the sensitivity at RHIC for 800pb 1, for the STAR detector. The other solid curves, labeled
by the product of ez, correspond to the contact interactionat A = 2 TeV [36]. The dashed and
dotted curves correspond to different leptophobic Z’ models. The calculationsare at the leading
order.

The modifications due to the presense of quark substructure have been analyzed in Ref. [36]
in the framework of an effective Lagrangian approach. Such effects are generally realized as
guantum effects of new physics where new heavy particles are considered to be decoupled. The
non-SM Lagrangian could be represented in terms of new quark-quark contactinteractionst under
the form:

2
g J— —_—
Loggg = Eé‘KZ‘\I”Yu(l — Y)W - Uy (1 — 7775)‘I’ s (7

where ¥ is a quark doublet, g is a non-standard coupling, A is a compositenessscale,and e = +1.
If parity is maximally violated, = +1. Fig. 19 shows how the SM prediction will be affected
by such a new interaction, assuming A = 2 TeV, which is close to the present limit obtained for
example by the D@ experiment at the Tevatron [40]. The statistical errors shown are for RHIC
luminosity of 800pb~, and for the jets with rapidity |y| < 0.5, and include measuring Ay, using

1t is assumed here that only quarks are composite.
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each beam, summing over the spin states of the other beam. Due to the parity-violating signal's
sensitivity to new physics, RHIC is surprisingly sensitive to quark substructure at the ~2-TeV
scale and is competitive with the Tevatron, despite the different energy range of these machines.
Indeed, a parity-violating signal beyond the SM at RHIC would definitely indicate the presence
of new physics [39].

RHIC-Spin would also be sensitive to possible new neutral gauge bosons [37, 38]. A class of
models, called leptophobic Z’, is poorly constrained up to now. Such models appear naturally in
several string-derivedmodels [41] (non-supersymmetric models may be also constructed [42]).
In addition, in the framework of supersymmetricmodels with an additional Abelian U/ 1)' gauge,
it has been shown [43] that the Z’ boson could appear with a relatively low mass (Mz < Mz <
1TeV) and a mixing angle with the standard Z close to zero. The effects of different represen-
tative models are also shown in Fig. 19 (see Ref. [37] for details). RHIC covers some regions
of parameters space of the different models that are unconstrained by present and forthcoming
experiments, and RHIC would also uniquely obtain information on the chiral structure of the
new interaction. In Ref. [38], it has been suggested to extend this study to the collisions of po-
larized neutrons, which could be performed with colliding at RHIC polarized 2He nuclei [44].
The authorsargue that, in case of a discovery, a compilationof the information coming from both
polarized 5 and 77 collisions should constrain the number of Higgs doublets and the presence
or absence of trilinear fermion mass terms in the underlying model of new physics.
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Figure 20: The leading order Ay, predictions for sparticle production at RHIC (see Ref. [45] for
details). Using the full-scale high-energy physics detector of ~ 47 acceptance, similar to, for
example, the one proposed in Ref. [47], with the capability of measuring multi—jet events and
missing transverse energy is assumed.

The study of the production cross sections for squarks and gluinos in collisions of longi-
tudinally polarized hadrons has been undertaken in Ref. [45]. The resulting asymmetries are
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evaluated for the polarized proton collider RHIC, as well as for hypothetical polarized options
of the Tevatron and the LHC. These asymmetries turned out to be sizable over a wide range
of supersymmetric particle masses. Once supersymmetric particles are discovered in unpolar-
ized collisions, a measurement of the spin asymmetries would thus potentially help to establish
the properties of the newly discovered particles and open a window to detailed sparticle spec-
troscopy at future polarized colliders. Although non-observation of squark and gluino signatures
at the Tevatron thus turns into the stringent limits on the squark and gluino masses in a frame of
MSSM¥ [46]: m; > 250 GeV, mg > 195 GeV, these limits are substantially weakened if more
complicated supersymmetric models are considered. RHIC energy up to +/s =500 GeV is not
sufficient to produce the MSSM sparticles; however they could be within its reach if supersym-
metry IS realized in a more exotic scenario. Some results of “scanning” the space of squark and
gluino mass parameters at RHIC are shown in Fig. 20. One can observe that, in the low mass
region, the asymmetry 4;, measurements at RHIC for g and §g production could be sensitiveto
gluinomass, although in g process, the gluino appears only as an exchange particle. The authors
of Ref. [45] conclude that, assuming the design luminosities and beam polarization of 70%, the
asymmetries are statisticallymeasurable for sparticle masses up to 75 GeV at RHIC, 350 GeV at
the Tevatron and well above 1TeV at LHC, provided experimental uncertainties on them can be
kept under control.

The similar study for slepton production in polarized hadron collisions has been recently
presented in Ref. [48]. However, this channel might not be accessibleat RHIC, because, even in
the most optimistic scenarios, the cross section is not expected to exceed 1 fb.

In the examples above, it is assumed that the polarized parton distribution functions (pol-
PDFs) of initial longitudinally polarized hadrons would be known at a sufficient accuracy for
being able to detect Ay deviations from the SM predictions!. Another venue (The best place? -
J. Soffer et al. [51]) to look for a new physics beyond the SM, which does not rely this much on
the precise pol-PDF knowledge, is in the observables that either vanish or are very suppressed
in the SM. The good representatives of such observables are transverse spin asymmetries — sin-
gle or double - for W= and Z° productions, since these are expected to be extremely small in
the SM [49, 50, 51]. Non-vanishing contributions could arise here for example in the form of
higher-twist terms, which would be suppressed as powers of M?2/Mg, ,, where M is a hadronic
mass scale and My, z is the W= or Z° mass. Other possible contributions were demonstrated in
Ref. [50] to be negligible as well. New physics effects, on the contrary, might generate asymme-
tries at leading twist.

In Ref. [51], the authors have argued that the existence of R-parity violating MSSM inter-
action would generate the single-spin azimuthal dependences? of the charged lepton production
via W#* in collision of transversely polarized protons at unpolarized: pTp — W*X — etvX
or p*vX or r¥vX. The results of [51] show that, in this particular extension of the SM, the
asymmetries are likely to be small and, at best, could be just marginally detectable at RHIC.
Nevertheless, this does not exclude that other non-standard mechanisms produce larger effects.

One more mechanism of generating non-zero Ay and Az asymmetries in leptoproduction

#Minimal Supersymmetric Standard Model.

$Presumably, the pol-PDFs will be well measured as a part of the mainstream RHIC-Spin program discussed in
the previous sections, as well as at the other facilities.

IThese are Ax and A7 asymmetries; see Refs. [51, 53] for details.
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via W and Z° decays is due to anomalous electroweak dipole moments of quarks [51, 52, 53].
Phenomenologically, the presence of anomalous dipole moments could be described as a com-
bination of tensor and (pseudo)scalar ¢gWW and ¢gZ couplings additional to the standard V and
A couplings. The nonzero Ay and Az arise from the interference of these additional couplings
with the SM’s V and A couplings. The SM predictions for anomalous dipole moments of u and
d quarks, which provide the main contribution to the W= and Z° production at RHIC, are ex-
tremely small, and their effects are much below the RHIC sensitivity. On the other hand, the
current experimental limits on anomalous dipole moments of quarks!l are still far above the SM
expectations. The most stringent experimental constraints, applicable to CP-conserving com-
ponents of quark dipole moments, come from the analysis [54] of electroweak data from high
energy colliders. In this analysis, it has been considered that theories beyond the SM, emerging
at some characteristic energy scale above W/Z mass, have effect at low energies E < Myw,z,
and can be introduced by taking account of an effective Lagrangian that extends the SV La-
grangian Lsas: Legr = Lsm +5.£. To preserve the consistency of the low energy theory, it has
been assumed that the non-SM Lagrangian 6£ is SU(3)¢ x SU(2)1 x U(1)y gauge invariant.
The W#* and Z° productions in pp collisionsat RHIC is expected to have a good sensitivity on
Lsy—0L interference at the parton level due to strong correlations between the proton spin and
polarization of high-z valence quarks, that participated in gauge boson production [55]. A's it has
been estimated in Ref. [53], the measurements at RHIC, carried out with transversely polarized
proton in the context of the physics discussed in the previous sections, would improve the current
experimental limits [54] on electroweak dipole moments of u and d quarks by a factor of ~5-10.
But a non-zeroresult would be a direct indication of a new physics beyond the SM.

o W tc (Yuji ?)
e other opportunities possibly offered by high-luminosity running (and/or a new detector)
e opportunities with polarized beams in p+heavy-ion physics (Les)

2.10 Connection to eRHIC (Abhay)

Addition of ahigh energy high polarization lepton (electrodpositron) beam facility to the existing
RHIC Complex to be able to collide with its hadron beam would dramatically increase R HIC’s
capability to do precision QCD physics. Sucha facility with 10GeV/c polarized electron/positron
has been proposed and is called eRHIC. There are many direct and indirect connectionsbetween
the RHIC spin program and the eRHIC. Wke categorize them in to two groups:

¢ Direct connectionsto RHIC Spin: In these the physics observablesmeasured by the existing
RHIC spin physics program will be measured in complementary kinematic regions. or in
some cases augmented to complete the understanding of the nucleon spin.

e Indirect Connectionto RHIC Spin: These include measurements not possible with RHIC
Spin, but are of significance to understanding QCD with spin in general or nucleon spin in
particular.

| And of 7-lepton.
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2.10.1 Direct Connections

Directions connections between RHIC Spin and eRHIC are made on three principle topics. The
measurement of polarized gluon distribution, the measurement of quark-anti-quarkdistributions,
and on transverse physics measurements.

For polarized gluon distributionmeasurementeRHIC enables increase in the kinematic range
and precision, particularly in the low x. At eRHIC the polarized gluon distribution will be mea-
sured using ) the scaling violations of spin structure function d"' and b) di-jet and high pT
di-hadron production in the photon gluon fusion process.[?] RHIC spin measurements discussed
before will predominantly most significantin in the medium-high  rangez > 102, while eRHIC
will complementthem with precision on low x (z <10~2) all the way toz ~ 107 .

RHIC Spinwill for the first measure model independently the polarized quark and anti-quark
distributions using single longitudinal asymmetry measurements in pp scattering via (W =) pro-
duction. Analysis of these asymmetries would give us Au, Az, Ad, Ad??. The quark-anti-quark
separation in such a way is not possible in fixed target DIS where the virtial -y is the propogator
of the force which can not differentiatebetween quarks and anti-quarks. However at high enough
energy-DIS at eRHIC, in addition virtual W# also get exchanged. If Aq = u .z, d, d are known
by early next decade from RHIC Spin,eRHIC will be able to continue this program in to explore
the heavy quarksi.e. identify the spin contributions from Ac/é and As/s. Of course, traditional
methods to get quark flavor distributions, semi-inclusiveDIS measurements using measurements
of charged and neutral pions and kaons will also continue, (quark-anti-quark unseparated) would
give access to low x flavor separation in parton distributions as in presently fixed target DIS
experiments.

Transversityis the last as yet unmeasured spin structure function discussed in detail in? 2. The
measurementsat RHIC with pp scatteringwill be made using measurements of Collins Fragmen-
tation Function (CFF), Interference Fragmentation Functions (IFF)and if very large luminosities
are achieved, also with Drell Yan (DY) processes.[?] These measurements will be made in the
center of mass energy range from 200 to 500 GeV. The eRHIC will make a complimentary set of
measurements, with high precision using CFF and IFF measurements, not unlike those made by
the HERMES collaborationpresently.

Diffractive physics with polarized pp and ep: More connections?

2.10.2 Indirect Spin Connections

In addition to the measurements eRHIC will do that will extend or complement the investigation
of nucleon spin with RHIC Spin, there is another class of nucleon spin and other helicity related
measurements that could also be made with eRHIC. A partial list includes:

e Measurement of spin structure functions g; of the proton and neutron and the difference
between then that tests the Bjorken spin sum rule. eRHIC will do this with accuracies that
will for the first time start competing and challenging the experimental systematic uncer-
tainties at the level of 1- 2%. Low x phenomenon has been one of the most exciting aspect

64



of the physics that developed in the unpolarized DIS measurements in the last decade, and
eRHIC will probe that low x kinematics for the first time with polarized beams

o eRHIC will be the only possible facility in the foreseeable future at which QCD spin struc-
ture of the virtual photon could be explored. The process employed for this investigation is
that of photon gluon fusion[?]. .

o Deeply virtual compton scattering (DVCS) for final state photons as well as other vector
mesons measured using al most complete acceptance (4m) detectorshas been suggested as
apreliminary requirement toward the measurement of the Generalized Parton Distributions
(GPD:s). A series of different GPD measurements may be required eventually to extract the
orbital angular momentum of the partons. This is the last part of the nucleon spin puzzle
which we may have to address after the spin of the gluon is understood. Although the theo-
retical formulationis not yet ready, it is expected that by the time the eRHIC comes on line,
there will be a formalism available to take the measured GPDs and determine the orbital
angular momentum of partons. These measurements at eRHIC will be complementary, at
much higher energy scales, to those being planned at Jefferson Laboratory with its 12GeV
upgrade plan.

o Drell Hern Gerasimov spinrule measurementspresently underway at Jeffersonlaboratory[?]
and atMAMI [?] are mostly at low value of #[?]. While the significance of the contribution
the spin sum rule from high » is small, absolutely no measurements exist beyond the value
of v >~ 1GeV. eRHIC will extend direct measurements of the high # components to up
to 500 GeV.

o Precesions measurements of spin structure functions in very high x ~ 0.9 region could be
part of the eRHIC physics program with specially designed detectors as has been discussed
in[?].

In summary, while the physics programs with polarized proton beams at RHIC and eRHIC
have much in the way of complementarity of physics measurements, the way to success at eRHIC
passes through a successful RHIC spin program not only at 200 GeV in center of mass but also
at 500 GeV in center of mass.

3 Accelerator performance (Mei & Wolfram)

Polarized proton beams were accelerated, stored and collided in RHIC at a proton energy of
100GeV. The average store luminosity reached 4 X 103%cm=2s~, and the average store polariza-
tion 40% (see Tab. 3). Over the next 4 years we aim to reach the Enhanced Luminosity goal for,
polarized protons, consisting of an average store luminosity of

o 60x10*°cm~2s~* for 100 GeV proton energy, and
o 150x10%°em~2s~! for 250 GeV proton energy,

both with an average store polarization of 70%. Tab. 3 gives a projection of the luminosity
and polarization evolution through FY2008. Luminosity numbers are given for 100 GeV proton
energy and one interaction point, with collisions at two interaction points. For operation with
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more than two experiments, the luminosity per interaction point is reduced due to an increased
beam-beam interaction. For each year the maximum achievable luminosity and polarization is
projected. Projections over several years are not very reliable and should only be seenas guidance
for the average annual machine improvementsneeded to reach the goal. We do not give a mini-
mum projection as we usually do in Ref. [56], since the minimum projection is based on proven
performance, and no long polarized proton run was done sofar. We also assume that 10weeks of
physics running are scheduled every year to allow for commissioning of the improvements and
development of the machine performance.

Table 3: Maximum projected RHIC polarized proton luminositiesthrough FY2008. Luminosity
numbers are given for 100 GeV proton energy and one interaction point, with collisions at two
interaction points. 10weeks of physics operationper year are assumed.

Fiscal year 2002A  2003A 2004A 2005E 2006E 2007E 2008E
No of bunches 55 55 56 79 79 100 112
Protons/bunch, initial 101t 0.7 0.7 0.7 10 14 2.0 20
B m 3 1 1 1 1 1 1
Peak luminosity 103%cm—2s~1 2 6 6 16 31 80 89
Average luminosity ~ 10%%cm—2s~! 15 3 4 9 21 53 60
Time in store % 30 41 41 50 53 56 60
Max luminosity/week pb~! 0.2 06 09 2.8 6.6 18.0 21.6
Max integrated luminosity ~ pb—* 0.5 1.6 3 20 46 126 151
Average store polarization % 15 30 40 45 65 70 70
Max LP%/week nb~! 0.1 5 23 120 1180 4330 5190

In Fig. 21 the integrated luminosity delivered to one experimentis shownthrough FY2012 for
two scenarios: 10weeks of physics operation per year, and 10weeks of physics operation every
other year. The integrated luminosities differ by about a factor of 3. For every projected year
shown in Fig. 21 the weekly luminosity starts at 25% of the final value, and increases linearly
in time to the final value in 8 weeks. During the remaining weeks the weekly luminosity is
assumed to be constant at the values listed in the table. For the scenario with 10weeks of physics
operation every other year, the final values are not increased in years without proton operation,
since no time is available to develop the machine performance. Thus in our projections we reach
the Enhanced Luminosity goal in FY2008 with 10week physics operationper year, but need until
FY2011 with 10weeks of physics operation every other year.

For operation at 250 GeV proton energy, the luminosity projections need to be multiplied by
2.5. We expect no significantreduction in the averagesstore polarization after full commissioning
of polarized proton ramps to 250 GeV.

3.1 Polarization limitations

The RHIC beam polarization at 100 GeV is currently limited by the AGS beam polarization
transmission efficiency of about 70%, and the source polarization. With the installation of a new
solenoid in FY 2005, the source polarization is expected to increase from 80%to 85%. The exist-
ing AGS polarized proton setup includes a 5% warm helical snake for overcoming imperfection
spin depolarizing resonances and an RF dipole for overcoming4 strong intrinsic spinresonances.
This setup has two drawbacks:
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Figure 21: Maximum projected integrated luminosity through FY2012 for 10 weeks of physics
operation per year, and 10 weeks of physics operation every other year. Luminosity numbers
are given for 100 GeV proton energy and one interaction point, with collisions at two interaction
points.

1. All the weak intrinsic spin resonances are crossed with no correction and result in a total
depolarization of about 16%.
2. Operation with the RF dipole still leads to about 15% depolarization.

In addition, the AGS has shown a dependence of the beam polarization on the bunch intensity.
These shortcomings can be overcome with the installation of a new AGS cold snake, to be initially
commissioned in 2005. With a scheme that combines the AGS cold snake of 15%, and the AGS
warm snake of 5%, depolarizations at all imperfection and all inftrinsic spin resonances should be
eliminated, making the AGS spin transparent with the exception of some mismatch at injection
and extraction.

Obtaining 70% beam polarization in RHIC at 250 GeV is challenging because of strong
intrinsic and imperfection resonances beyond 100 GeV. Betatron tunes and orbit distortions have
to be controlled precisely to avoid depolarization due to snake resonances. Simulations show that
orbit distortions have to be corrected to less than 0.3 mm rms. Orbit errors are introduced due to
misalignments and remain if the orbit cannot be corrected completely. A realignment of the entire
ring is scheduled for the 2005 summer shutdown. Efforts continue to improve the existing beam
position monitor system, and the orbit correction techniques. A beam-based alignment technique
is under development. With the existing hardware and software, orbit distortions of 1 mm rms
were achieved, as measured by the beam position monitors. Acceleration of polarized proton
beams beyond 100 GeV is planned in 2005. The result of this machine development effort will
provide guidance for the tolerable levels of machine misalignments and orbit errors.
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3.2 Luminosity limitations

A number of effects limit the achievable luminosity. Currently the bunch intensity is limited to
about 1 x 10* to maintain maximum polarization in the AGS. This restriction should be removed
with the AGS cold snake. With intense bunches the beam-beam interaction will limit the lumi-
nosity lifetime. With bunches of 2 x 10 protons and 2 interaction points, the total beam-beam
induced tune spread will reach 0.015. Operation with more than two collision will significantly
reduce the luminosity lifetime. High intensity beams also lead to a vacuum breakdown, caused
by electron clouds. In the warm sections, NEG coated beam pipes are installed, that have a lower
secondary electron yield, and provide linear pumping. In the cold regions, additional pumps are
installed to improve the vacuum to an average value of 10~° Torr before the cool-down starts.
With the PHENIX and STAR detector upgrades, the vacuum system in the experimental regions
will also be improved.

Time in store can be gained through faster machine set-up, a reduction in system failures, and
the injection of multiple bunches in each AGS cycle. We project that the time in store can be
increased to about 100hours per week, or 60% of calendar time.

3.3 Polarimetry

Beam polarizationmeasurements in RHIC provide immediate information for performance mon-
itoring, and absolute polarization to normalize the experimental asymmetry results. Two types of
polarimeters are used. Both are based on small angle elastic scattering, where the sensitivity to
the proton beam polarization comes from the interference between the electromagnetic spin-flip
amplitude that generates the proton anomalous magnetic moment and the hadronic spin non-flip
amplitude, and possibly a hadronic spin-flip term.

One type of polarimeter uses a micro-ribbon carbon target, and provides fast relative polar-
ization measurements. The other type uses a polarized atomic hydrogen gas target, and provides
slow absolutepolarization measurements. In addition, both PHENIX and STAR have developed
local polarimeters that measure the residual transverse polarization at their interaction points.
These polarimeters are used to tune and monitor the spin rotators that provide longitudinal polar-
ization for the experiments. They polarimeters are discussed in the Experiments section.

The fast proton-carbon polarimeter was first developed at the IUCF and the AGS [57]. It
measures the polarization in RHIC to AP =20.02 in 30 seconds. Measurements taken during a
typical storein 2004 are shown in Fig. 22. A carbonribbon target is introduced into the beam, and
the left-right scattering asymmetry of recoil carbon ions is observed with silicon detectors inside
the vacuum. The silicon detectors observe the energy and time of flight of the recoil particles
near 90° [58]. The detector selects carbon ions with a momentum transfer in the coulomb-nuclear
interference (CNI) region, —¢ = 0.005 — 0.02 (GeV/c)2. In this region, the interference of the
electromagnetic spin flip amplitude and the hadronic non-flip amplitude produces a calculable
t-dependent asymmetry of 0.03 to 0.02. The cross section is large, so that the sensitivity to
polarization is large. A term from a hadronic spin flip amplitude is also possible and is reported
in Ref. [57]. This contribution is not calculable, so that this polarimeter must be calibrated using
abeam of a known polarization.

68



Fill 5324

0.6
05

Polarization

0.4 *_é' .__; e e ‘ e e — _~ s e s e = e ]
0.3
0.2

0.1

LN I N M I N N N I N I IO |

- 1 L 1] 1 L. 1 1] 1 1 I 1. 1} ] 1 I
0 1 2 3 4 5 6 7
Hours

Figure 22: Measured polarization during one store of RHIC in 2004.
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A polarized atomic hydrogen gas jet target was used for the first time in RHIC in 2004 [59].
The atoms are polarized with the Stern-Gehrlach process to give electronic polarization, with rf
transition to select proton polarization. The atoms are focused in the RHIC beam region to 6 mm
FWHM using the atomic hydrogen magnetic moment. A Breit-Rabi polarimeter after the RHIC
bearn measures the polarization by cycling through rf transition states. The polarization was
determined to be 0.92+0.02, including correction for the measured 2% molecular fraction (4%
nuclear fraction) that is unpolarized. Silicon detectors observe a left-right asymmetry for proton-
proton elastic scattering in the CNI region, similar to the p-carbon polarimeters. By measuring
the asymmetry with respect to the target polarization sign, flipped every 8 minutes in 2004 by
changingrf transitions, we measure the analyzing power for proton-protonelastic scattering. This
is shown inFig. 23. This (preliminary)result from 2004 provides the most sensitivemeasurement
of Ay, as can be seen in the figure. By then measuring the left-right asymmetry with respect to
the beam .polarization sign, flipping each bunch (every 200 ns), we obtain the absolute beam
polarization. The absolute beam polarization was measured to about AP/P = 7% in 2004
(preliminary).

A remaining issue is whether the carbon polarimeter calibration can be used for different
detectors, from year to year, or whether it will be necessary to recalibrate each year using the
jet target. We can also choose to use the jet target as the RHIC polarimeter, with the carbon
polarimeter used for corrections, for example for different polarization of the bunches and for a
polarization profile of the beams.

3.4 Long-term perspective

A number of ideas are pursued for long-term improvements of the machine performance. RHIC
II aims at increasing the heavy ion luminosity by an order of magnitude through electron cooling.
For protons, cooling at store is not practical but pre-cooling at injection might be beneficial. A
furtherreduction of 5*, especially at 250 GeV proton energy appears possible. Somebenefits may
also come from stochastic cooling, currently developed for heavy ions. We expect a luminosity
improvement of a factor 2-5 for polarized protons for RHIC 1L

With a new interaction region design, the final focusing quadrupoles can be moved closer
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Figure 23: A for proton-proton elastic scattering in the CNI region, measured using the polar-
ized atomic hydrogen jet target in RHIC [59]. The open circles are data from E704 at Fermi-
lab [60].

to the interaction point, thus allowing to squeeze 5* further. This, however, makes some space
unavailable for the detectors. Additional increases in the luminosity may come from a further
increase in the number of bunches, to close to 360, as is planned for eRHIC, or operation with
very long bunches. The latter requires a substantial R&D effort, as well as a new timing system
for the detectors.

4 EXxperiments

4.1 Phenix (Matthias)

o present status & issues to solve

e priorities

o planned upgrades and developments
e required resources

4.2 Star (Steve)

RHIC Spin Report for DOE: Outline of STAR Detector Section 4.2 (each major heading repre-
sents 1paragraph)

A. Overview of STAR detector and collaboration

1. Figure: cross section of STAR, emphasizing subsystems already added with spin program
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as primary driver. 2. Brief description of BBC’s and FPD’s and their use for spinprogram: Figure
of BBC asymmetries vs. CNI asymmetries, with STAR rotators on and off. 3. Status of barrel
and endcap EMCs; timeline to complete BEMC readout. 4. Use of EMCs in p+p triggers forjets,
photons, (0, W, J/(. 5. Recent expansions of collaboration interests in spin program.

B. Performance of STAR EMC’s

1. Figure: photo of insertion of last BEMC module; photo of completed EEMC. 2. Figure:
event display of dijet with TPC and BEMC; jet neutral/total ET spectrum from BEMC + TPC in
2004 p+p run. 3. Figure: typical SMD profile and (O invariant mass spectrum from EEMC for
2004 p+p run. 4. Brief description of ongoing algorithm developmentfor (0 and ( ID.

C. Motivationfor STAR upgrade needs for spin program

1. Improved forward tracking: TPC resolution limits at 40 GeV/c, especially in endcap re-
gion; need for W charge sign discrimination, improved e/h discrimination for W program; fast
tracking minimizes TPC pileup ambiguities. 2. Figure: charge sign discriminationimprovements
with model forward tracking vs. TPC alone. 3. Forward extension of calorimetry: primary moti-
vation from studying low-x gluons in nuclei; benefits to spinprogram in low-x and large (( access.
4._ Benefits to spin from planned STAR upgrades driven by other physics: TOF pion ID for in-
terference fragmentation studies of transversity (?); DAQ upgrades, rate capability, space-saving
for forward tracker; Heavy Flavor Tracker for improved ID of open charm, beauty, sensitivity to
quark mass terms in QCD, etc.

D. Plan for forward tracking improvements

1. Figure: schematic illustrations of inner silicon barrels and disks, and of endcap GEM
tracker under consideration. 2. Envisioned timeline (rough), staging and integration with other
STAR upgrades. 3. Organization of effortsand institutionsinvolved; R&D activities under way.
4_Rough estimate of resources needed to design/construct. 5. Open issues to address: optimum
tradeoffs between coverage and cost; resolution impact of material at endcap of TPC; others?

E. Plan for Forward Meson Spectrometer

1. Figure: transverse profile of proposed calorimeter, and location within STAR. 2. Institu-
tions involved, cost estimate, source of materials and funding, MRI proposal submitted to NSF.
3. Timeline driven by d+Au gluon saturation studies. 4. Open issues to address?

4.3 Other experiments

o Brahms (Flemming)
o New detector
¢ eRHIC detector

opp2pp (Wlodek)
ojet (Sandro)
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5 Spinplan schedule (Gerry)

In the charge, we were requested to consider two running schedules: 10and 5 physics weeks on
spin per year. These follow, showingexample plans. We emphasizethat we expect that the actual
runplan will be developed from the experimentbeam use proposals. Our consideration o f these
scenarios should not suggest that we advocate a change to this successful approach.

A key issue is the completion of experiment hardware to run the W physics program. The
required hardware are the muon trigger improvements for PHENIX, and a forward tracker for
STAR. The PHENIX improvementsare being proposed to NSF ($1.8M for resistive plate cham-
bers) and to the Japan Society for Physical Sciences ($1.0M for muon tracking readout elec-
tronics), with a planned completion for the 2008 RHIC run. The STAR tracker is planned to be
proposed to DOE (estimated $5M) in 2006, and to be complete for the 2010 run.

The example plan below for the 10 physics week/year case is “technically driven”. The plan
assumes that the funding is received, and the work is completed as planned. For the 5 week
plan, the delay in reaching luminosity goals for 1/5=200 GeV delays the start of the W running
considerably, by greater than three years. An early completion of the W hardware is less of an
issue for this case.

A second key issue is machine performance. We assume that we reach the polarization goal
of 70%in 2006. For luminosity, we assume in the example plan that we reach two thirds of the
“maximum” luminosity (see section 3). This assumption is discussed there.

A third key issue is experiment availability, in which we include up time, live time, and the
fraction of the collision vertex accepted by the experiment. This results in ’recorded luminosity”
for each experiment. We have taken the up time to be 70% for each experiment, as has been
achieved. The live time for PHENIX is90%, due to multi-eventbuffering; the live time for STAR
Is 50%. The online data selection adjusts thresholds, for example the lower ps requirement, to
reach these live time levels. The PHENIX vertex acceptance for the 200 GeV running is 60%,
requiring the vertex to be within 20 cm of the IP. We have used this acceptancealso for 500 GeV.
The STAR vertex acceptance contains all collisions. The overall factor for recorded/delivered
luminosityfor both experimentsis 35%. The physics sensitivities shown in section 2 also include
apparatus acceptance and event selection acceptance.

5.1 10physics weeks

Table 5 shows the example spin plan for 10 physics weeks per year, with a technically driven
schedule. The 200 GeV running continues through 2008, with a total of 300 pb~* delivered,
and 100pb~! recorded luminosity by both PHENIX and STAR. By the year 2009, the PHENIX
muon triggering improvementsare complete, and the STAR forward tracking is partially in. place,
and complete for the 2010 run. The year 2009 is considered an engineering run, for both the
accelerator and the experiments. By the completion of the year 2012, for 500 GeV, 800 pb~!
luminosity is delivered, and 300 pb~! recorded by each experiment. These luminosities and
polarizations provide the physics sensitivitiespresented in section 2.
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Table 4: RHIC spin example schedule, 10 physics weeks per year, technically driven.

Fiscal year SpinWeeks CME(GeV) P L(pb~! Remarks
2002 8 200 0.15 First pol. pp collisions!
Transverse spin

2003 10 200 0.27 Spin rotators commissioned,

first helicity measurements
2004 1 200 04 New betatron tune developed,

firstjet absolute meas. P
2005 9 200 05 10-20 Apr (79, jet),
also 500 GeV studies
2006 10 200 0.7 AGS Cold Snake commissioned,
NEG vacuum coating complete

2007 0
2008 20 200 0.7 Direct~y, completes

goal for 200 GeV running
2009 10 500 0.7 PHENIX muon arm trigger

installed, eng. run
2010 10 500 0.7 STAR forward tracker
installed, W physics

2011 10 500 0.7
2012 10 500 0.7 Completes 500 GeV goal

5.2 5 physics weeks

Table ?? gives the example spin plan for 5 physics weeks per year, which we have interpreted
to mean 10 physics weeks each two years to reduce the end effects. As has been presented in
section 3, the delay in the RHIC spin physics results is actually greater than a factor of two, com-
pared to 10physics weeks each year. This is due to an assumed “turn-on” period of reaching the
instantaneous luminosity maximum that is based on our experience, from the heavy ion program.
In any case, the programs are stretched out to over 6 years for the gluon polarization measure-
ments at 200 GeV, and an additional 6 years or more for the W physics program. The proposed
measurementswould be completed in 2018 or later.

Table 5.2 RHIC spin example schedule, 5 physics weeks per year.

6 Summary (Gerry)

In this document we have described the RHIC spin research plan, responding to the request by
the Department of Energy Office of Nuclear Physics. We were requested to cover 1)the science,
2) the requirements for the accelerator, 3) the resources that are needed and timelines, and 4) the
impact of a constant effort budget to the program.

73



Table 5: RHIC spin example schedule, 10physics weeks per year.

Fiscal year SpinWeeks CME(GeV) P L(pb~* Remarks
2005 9 200 05 10-20 Apr(n®, jet),
also 500 GeV studies
2006-2007 10 200 0.7 ' AGS Cold Snake commissioned,
NEG vacuum coating complete
2008-2009 10 200 07 Direct v
2010-11 10 200 07 completes goal
for 200 GeV running
20012-13 10 500 07 PHENIX muon arm trigger
installed, eng. run
2014-2015 10 500 07 STAR forward tracker
installed, W physics
2016-2017 10 500 07
2018-2019 10 500 0.7 Completes 500 GeV goal

.1)The science s presented in section 2. Here we have emphasized measuring gluon polariza-
tion and anti-quark polarization in the proton. RHIC will provide the first sensitive measurements
of each. We believe this is an exciting program, which addresses the structure of matter.

2) The accelerator requirements are presented in section 3. We are well along in reaching the
polarization requirementof 70%, and anticipatereaching this goal in 2006, for 200 GeV running.
To reach this goal for 500 GeV running will require releveling the machine, which is planned.
Reaching the luminosity goal will be challenging. We must store 2 x 10! polarized protons in
110rfbunches in each RHIC ring and collide them. Limits of betatron tune shift and of electron
cloud formation will be tested. For the physics sensitivities presented, we have used a luminosity
of 2/3 of the calculated maximum.

3) The required experimentresources are presented in section 4. The PHENIX and STAR de-
tectors are complete for the gluon polarization program. Both need improvements to be ready for
the W physics program. These are described in the section. For a **technicallydriven” program,
where the improvements are funded and completed as proposed, the PHENIX detector will be
ready for W physics in 2009, and the STAR detector in 2010.

There are also important planned upgrades for the heavy ion and spin programs that greatly
extend the range of spin physics, and these are also described in section 4.

A)The impact of a constanteffortbudget is presented in section 5, where we compare the two
plans, as requested in the charge to the RHIC Spinplan Group:

"lask that you consider two RHIC Spin running scenarios: |) 5 spin physics data taking
weeks per year (averaged over two years using the combinedfiscal year concept); 2) 10 spin
physics data taking weeks per year. These two scenarios will give appropriate indications d
the physic goals that can be met over a period d years without involving the Group in difficuit
funding and cost scenarios that are not central to the calculation of physics accomplishments
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over time.” (Appendix A)

The plan with 10 spin physics weeks per year, the technically driven plan, completes the
gluon polarization measurements and the W physics measurements by 2012,

The plan with 5 spin physics weeks per year completes this program in 2019 or later. With
this plan RHIC runs 25% of the year on average (we assume 10 spin physics weeks per two year
cycle).
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(ULTRA) FAST Proton Polarimeter

with a High Density Hydrogen Target

PfeSaN’*‘l‘ed by: S BFO“VG“F‘

BROOKMAVEN

NATIONAL LABORATORY

Current Polarimeters: +'s & —'s

® Polarized Hydrogen JET Target

<= Very precise; in 2004 AP < 2.6 % absolute !!!

- glow, 5% relative measurement possible in a fill?
now ittakes 1 week .

® Carbon Polarimeters
< yltra fast

< peam studies
- absolute calibration or continous calibration ?
stability of calibration and systematics is still an issue

® Stern-Gerlach resonant cavity polarimeter
<4 non destructive
— very tiny signal (ip coupling in a RF cavity)

----- awaiting proof of principle ... S RODKHEEN

NATIONAL LABORATORY

83



JET Rates in 2004 (simpilified 1)

With 2004 beam conditions (40 x 10'! protons / store) it takes

about 90 hours (1 week) to achieve a ~ 5% measurement.

Is this consistent with our expeciations of a 5% measurement
in less than a day (i.e. 5 x 10° events in 12 hours) ?

JET design 2004
beam intensity 240 x 101 40 x 10! ~1/6 |
JET intensity 5% 10" H/cm?  |1x 102 H/cm? ~2 1]
trange (GeV?) 0.001<-+<0.02 |0.0015<-t<001 [~122 [
¢ acceptance 2% 15° 2% 12° ~08 |
o (pp— pp) 2mb 1 mb ~12 (U

Taking into account all these factors the rates are consistent !
However, <An> in this smaller f range ~ 4 % (vs. 3 %)

Can we do better with JET?

more beam:

higher polarization:

40 x 10 — 120x 10"

40 % — 55%

(APbeam / Pbeam depends also on Ppeam)

(major redesign 1)

. t range (more Si detectors)
mcrease JET acceptance: @ acceptance (new magnet)

<15x
15-2x

~ 5% measurement would be possible in ~ 6 howrs (REALISTIC b

Q: can we measure both beams at the same time?

84
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NEW OPTION: High Density H2 Target

NEW OPTION: use a high density unpolarized hvdrogen farget,

for instance the pellet target (one for each beam)

S S SO S S A " N N - s

alreacy curing 2004 run measured A in 00015 < <001 GeV-io ~ 5%
with 1 10" avoms / o thick tar wet can make same measurement

in one minute (or less)

(ratcs by cxfrapolating from JET rates)

competitive with Carbon polari s ¢

needs ~ 10 x less statistics: A ~ 4 % vs, Av© ~1.2%

i

. BROOKHEAVEN
NATIONAL LABORATORY

Pueam : Carbon vs. H; polarimeter

Carbon target:
Absolute calibration requires several independent measurements;

at each step pick-up some measurement errors:

A,Pbeam= AR‘argef @ (AAN] @ (APBeam} ® AAN @& (éf_)
£
oy rPC

F beam Ptarget AN P Beam AN C
transfer calibration  measurement

Proton target:
Absolute calibration requires few Independent measurements;

much better understanding of pp elastic scatiering systematics
= more precise measurement

Aﬂwam Apa‘arget @ {MN J
wam garget Y

" £ PI’?

NATIONAL LABORATORY
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(s ot
TIISO W L

20.06 sred
< b _ e . sy
- ® this expt. foror = 38.5 mbarn,
- L s Y R e
oosf . mE704@FNAL 0 =0.8=0]
o o b vt . .
0.041— ] E‘“G,E ad,mh € fitted with:
- i spin-flip oy
0.03— ' Z‘f fon
- | = . .
- ! “normalization factor”
0.02— N=098+£0.03
C 3 -
o ¥y ~5/7dof
0.0
- Y, o displayed errors

ey
QO
&

o 102 - o ;_t (Gev,c}g" are statistical only
AN (0.0015 < -7 < 0.01 GeV?) = 0.0391 + 0.001 1+ 0.0015 + 0.0008
=0.0391 + 0.0020

NATIONAL LABORATORY

hslium gas inlet s 'f . nydrogen gas inlet
Pel lEt Ta rg et prassure reguiatar |_!5( g PGS rEgUlAtor
5C mbar‘ 5400 rmibar

heat exchangers

CELSISUS / WASA
in Uppsala 22 mbar (F)efel k:"“* cold head

———— liquid jet nozzlz

T

CCD-vanera | M

pellet diameter 25 pm

Rate 10kHz

beam divergence l1mrad  ccpcamera [ 1B
beam diameter 2 mm (FW)
oelletvelocity 90 mss oo Ll
average distance 9 mm

e dropiet chambsr
% _-‘:————-—vacuum injection czpliary
. B3 mbar

Fre
md N immer

- |H¥)1E-6 mbar
thickness~ 2 x 1015 H/ sz CCD-canets. I__m _ -

o 1 E-€ mbar
- @ . beam @
® -~ imm
. ‘ ’ -.-._.-.-u-s-.-—»—u--:—;---.-a---.-.---.---CELS;L]S bearr
® v
pellets ~ 10 pm .
3 CCD-canora.
sample whole beam snore [T |
. 1E-5 rrpar ()= eam dump
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Where to install ?

— RHIC 3? C “OND
absolute 3;3%{ f
polarimeters
solarimetor
E - / BRAHMS

PHOBOS_ & PP2PP
P 3

Siberian = &

Snakes  Siberian Snakes

o ' the two beam pipes are separated by ~ 70 cm
HERE @ 7 o"clock enough space to install two independent targets
with recoil detectors ~ 50 cm from target

measure Ppeam iN the other half of the RHIC ring
complement, not replace Carbon polarimeters !

xnnnmf«rs,s:ro-;s\
. . . cattered
The Elastic Process: Kinematics ~ proton
(not observed)
polarized o
- proton beam - - . e

RHIC beams +
internal targets

{ :(pout —pz'n)z <O

: unpolarized o,
fixedtarget mode proton target {?  recoll proton
Vs~ 14 GeV
S h #43
Pogam = gy %8M 7 A JET
essentially 1 free parameter:
momentum transfer 7= q;w - z‘sgi = {py - ‘f' fé}
R

+ center of mass enery

?’(Lz_:*.mzi_.e.ii o

=> ¢lastic pp kinematics fu Ei\? constrained by recoil proton only !

BROOKHAVEN

NATIONA. LABORATORY
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Recoil Spectrometer - Polarimeter

limit #range to 0.001 <-r<0.01 Gel

H Si detectors located ~ 40 — 50 cm from target

2 , (beam pipes separated by ~ 70 cm)
('0 Tof < 50 ns: good separation of recoils from

1 1 1 promot still possible in this 7 rang

éL no limitations on azimuthal angle:

90" aswell as 45 detectors

much smaller detectors with higher segmentaion compared to JET
~20x40-60mm? —  better energy (~ 30 keV) & time (~ 1ns) resolution
faster signals + ¥ shortertof
easily operate with "*240" bunches
almost point-like target: ~ 1mm FW
—» much improved polar angle resolution A8r (& Mx? < 0.02 GeV?)
radiation damage: cfr. pC polarimeter:

~ 10x less events required (AnPP 1)

~ 10x ;nuch larger / affected area ILVEN
not an issue !

Event Selection

To® mo Epex yopperaniov

]
3
]

ToF_si1

-~ Select chan ToF_si1

event court

| N S
Tiav= 12 Mp(Siot/Tod)

Staichan ) ﬁﬁX@%x@i}u}&gf Pvi:gz 4!

puc

_ PEXOLA TPOTOVG

PEYOLA

40-414‘.\ 60 80 m& tn dz.{‘au,t. ll -10

TOF in ns

TPOUTT

. e’
ONI T Poyypoovd pegeyTiov mynt Be wimpo
125 < Eppe < 175 MoV % acovpye  OUVIPLXOVTAY VOLVY & GeXoVE X 8eTe

prompt events X0MBpoTOV (GTIAL 0 Be TeoTed 1)
and beam-gas

O Xov e 80 1T antnovt Tod ? Iunoptovt dop mepy rovy Bovyneo
A Moot ¢1ve vew mony of pegeyTivy Kpoprt By Kypouvs (Meto SeteEXTOPT)
 BROOKHDAEN

NATIONAL LABORATORY
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Open Issues & Summary

® Recoil spectrometer:
-~ Straightforward
some R & D on detectors and readout needed

® Target:
— Vacuum: can we achieve 107 Torr or less ?
(target open only during measurement)

- |mpacton beam: no disruption or halo increase ?
~ COSt

B performance:
ﬁ?ﬁ}g@?‘{a’f ?’23@5;% < 3 sziﬁ gﬁ 1 @@ sed. %ﬁgﬁggg%{:

® |f start now can be ready for 2007 - 2008

e

NATIONAL LARORATORY
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RHIC pC polarimeter

what has been achieved and what needs to
be done

Osamu Jinnouchi
RBRC

2/10/05 RSC meeting

’» Outline

L] Brief description of system and data

[1 Some measurement performances (Run-04)
[ Summary of the systematic errors

o Calibration using Jet-target : obtained Ax

[ Offline analysis results of Run-04

L1 Consistency check with online result

L1 Corrections with newly obtained Ax for past
runs -

[ 1The things can be done with Run-04 data

2/10/2005 Osamu Jinnouchi RBRC /
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Detector layout

Ultra thin Carbon
ribbon Target
(3.5mg/cm?)

Thin dead layer for low energy
carbon spectroscopy

2mm pitch 12 strips

10mm]| |

i
i
I
72 strips In total

2/10/2005

Osamu Jinnouchi RBRC

L1 Strips are parallelto the
beam direction -
[] 72 strips x 2rings

[0 45degree detectors
(1,3,4,6) see reduced Ay
(by 1/sqrt(2))

| "DAQ and Data
types

.....

mp | Wave Form Digitizer (WFD)

e

Y
i -

o

[

3

<

Bunch

.1 Offlinedata

typically
15M carbon selected
events

(27M overall events)
corresponds to 170MB

20M events/ 20sec

- Pulse Height - BunchID
-TOF - Integral(Q)
online |

Select carbons at on-board LUT
* Scaler data

+ Asymmetry calculation

+ Online results (toZexperiments)

offline !

Event by event data
+ Stored in on-board memory
« Used for offline detailed study

size
DAQ time :~10 seconds

R ime- :
2110/2008 eadout time: 3min

/

I3

92
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‘Strip by strip asymmetry study

Fit with sine function (2 paramsiers) .
. . = 0,006 7 ndf 60.94/68
L1Each strip can be considered as 2 I I ,7;0 " 000420 4247005
individual polarimeter (Two. | 2 [ # ° ™y le 008062+ 0.01578
G=1,3,7779 >0/ N\
& : \
. . . : A 0 A ¢
o_ M -RND) o T NSO E N €
e = -~ R= i 0,002} ‘
(N 4 RN S, N e
L 0.004—
N, Nét) Number of carbons in i-th strip for - !

Up(Down) spin O e L
. . Strips (in Badian)
Deviations from Fit (projection)

« The deviation more than statistical ; [T TeiE
error turned out to be negligible (2 = ;;E il o asan 5 sosie g
p ar am eters) 2 = ;ﬁ; i"}‘ Sigma 0.0002382 + 0,0000244
4« (Used data set iswhat is used for 19 I
Jet calibration, i.e. Blue ring : ﬁ 1
100GeV) ; n
2 J N
.&w*wwﬂrﬁm%ufﬁwm “

4 Great achievementin
Rm4 Osamu Jinnouchi RBRC / >

N Strib by strip (azimutvh‘ aﬂthllgle
. study)

FKHQIE fi Iﬂlwdépendence ] i ndt 13.3/14
,‘-:.0.15 - i pb 4.07944 + 0.01485
s |
B 01— Rotator Rotator Rotator Best fit of all
‘-'0055 i OFF I ON || blue points
-] t t g

-1 It
LI | -

o g e * e e w 2 =

C & | ! : . : i

- R UL N RV

- N BLUE 100GeV

i, el )

owb 1] N With Jet
E ; i

025 |

.0.25"‘. T A X ,E“I%'§'
[t 2 4 6 8 10 13 4 Fﬂ's

-Fill by fill fluctuation is explained as a statistical behavior
-To reach df=20mrad (the error size of red points), 32 CNI rur

L

-Good sensitivity to spin angle measuremen
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— "Str’i‘p by strip at ,24 GeV (|n
_blue)

24 ndi 79.86/68
> F pe 0005391+ 81005
o« 0.006— pi -0.02082 + 0.02175
+ -
ALIS
=T A4S
= 0.002~—/‘
@0 -
=z o/ -,
= » S
-0.002— L/
-0.004 /-
-0.006—
- L
an)
-16 CNI runs of 24GeV datataken with Jet (including longer rur1
- Angle: zero consistentwith good statistics
- ¢?/ndf :notso bad
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- Beam profile issue
7

profile
Ll Isitafine statement ?
1 Within a FWHM we cannot tell the difference

target scanned vertically In differerit fill

£

{YELLOW Horizontal Targat (U Scan) il 5236 YELLOW Horizontal Target (¥ $can) fili 5341 |

o 540
. Rotary Position

" O We claimed that we observed significant polarization

L1 If we control it by mm precision, it would be fine

- - spolarization

L]

8

-3 3 z {
._E dD;- N & 45?. .
4 35; L f £ 40 L
3 . LI : 2 3§ v LI
i ;. 3 . E'
w0 " . .
20] ; . : e el
15} | » : 20: . s :
L A ' s . i
10 : £y . ; 5 beam intensity
10
5 i v e : "5t * :
QL,_ S . e d Bt o et st
1800 1510 iERE B0 3546 T80 14807 4500 40T T HESe
Ntr————— . Rotary Position . .
1mm
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Beam profiles (in other ring)

Blue vertical scan

[_ Blue is also the same S e S
situation ge L
3 SO LN AN B
C Only one scan saw a very SR LR
weird profiles in both w L
s :
intensity and polarlzatl\on " B
\\\ %so o6 ma 545 T926" 4690 7640 7055 1010
. . Rotary Positian
Blue horizontal scan - ) R ;
! BLUE Vertical Targét iH Boan) fill 5236 | s - i i
g asi. L : 5 30 A §
3 o = i g 2% + tl : {
25 b 200 “ T
|
10°-- ¢ : j b
5 s 7 : i & :
1?07*7150‘—7‘;56" “70 1189 “gzur;,é:ﬂhg:w 880 GBQ 11)00 10113 1&20 T 1060&;1’7’ ;ﬁ?ﬁ;z"ﬂ
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“Beam profile issue will be gone,
anyway

L Inthe new application tool for the RHIC
polarimeter (available from Run-05), the beam
center finding (fast target scan) will be done
automatically and easily

[ As long as the target is sitting away from the beam
edges, we can avoid the profile issue

[ Also with the new RHIC application, the planisto
make regular measurementswith the target
moving back and forth

L] Sethr Nemesure (CAD) is working on this
application
'TWe need commissioning of this new tool at the

beginning of pp run .
2/10/2005 Osamu JinnouchiRBRC /




List of systematic
. errors
Difference between €90 vs. e45 (run by
run)
items Run02 Run03 |Run04
Statistically fluctuate with | N/A but expected to
) - —————— small deviation from zero | be very small from
Radial component (run by run) (reasons were not the azimut_h fit to the
' Cross asymmetries (run by run) understood) strip by strip
Bunch by bunch azimuthal fit (removing DONE N/
epe ndent systematic error (Bunchu Almost statistical N/A
Event cguit dependence (mass 2vs.3 sigma . | N/A | Run03 See the Run04 see the
cuts) significance absolute difference
0.005-0.015 in relative 3%
Polarization (dP=0. 01 2 for
(1) dP/P from Jet N/A N 0490, 085
(2) Energy correction ambiguities Estimated +5ug/cm? Same | £12ug/cm?
2/10/2005 Osamu Jinnouchi RBRC /

" Energy correction
estimation

g 3s Mass cut
L L =
[F its with non-relativistic S
kinematics E
t.O.f.(nS) _ 1181 6+ 0 ‘«\N’ = e | P { PPN ¥ AN
Eki _ LEICigy (REV )
" dexd layer affact (20100 _pgiem™) |
Ein = I E deposis> Dyian) ;:_ : 20mg/cm?
CIwith the factor 1181.6, the fitis §=t 60mg/cm?
forced to the Carbon mass " wf 100mg/cm?
C117GeV/c?) of

P TN SO A SR SR ST SO AUSE ATET: AT ICHNNP ST AT T A
a0 400 500 600 700 800 800 1000

- . . Energy Deposit (keV}
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“Determination of dead Ir
Afrom fit

AVERAGE (FL)59.84 (1J)58.38

injection flattop

ezic o
Pt b oAU 1424500 B

%)
L2z

Beadlyariog s

206-550 keV
‘correction

n.rml..lal .Jg] e b ooy Lo Laace e g J ]

&P Stﬂps
AVERAGE (FL}62.09 {LJ)54.71

«10
gg > v IR
L80:- ah] N
57 HE 3
16 - e . c 3 ‘:
50¢ =] ab
9 5
2 : 8 ¥
1 gl ng[ RTINS N
¢ 1 20 30 40 S50

What 'r'riakes difference in dea'd‘ layer tw
lnjectlon/flattop

RUN 5283,601
Eqqo
2

2 o] Meiny & 8 % R,
PR Wik g iy H| hlummoss .
#%: High luminosity ¥ 3" 2 24%9\/ 52ug/ct:ymz K

; : i 0 :
P LS SOOI ... .. SO
rﬁii ‘%‘sﬂ&&
Fit
I ;_ooks OK ,,« ﬂg | 4 At flattop the carbon

locus is closer to the
timing threshold
4« At high luminosity,the
carbon locus is
distorted from the
%tual sh?)ae

90|

: Low !ummosny 1’,
1OOGeV 64ug/cm2

B0~

-
S .

voravend e

3
Trrrrn

& 34
&
.
L

i R T/ T 1000

1200 mopo(k 1“1500 nnouchl Q
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" Energy correction for Run-04
Silicons

Estimated Si dead layer width (Fit Range 300-1000keV)

«_100 - - « 100 i T
S PR IS B ' 8 | * |
33§ESI-1  8i-2 |si-3 si-4 | si-5 isi-6 | 2 - 8i-6

L P |
L % suips

LI Silicons are extracted from the same wafer for eachipg, h;?{;_omag target

[1 Fitwithin 300-1000keV: use the average value from injection
measurements

5 Blue 57ug/ecm? , Yellow 53ug/cm?
Y The uncertainty is assigned as +12ug/cm?

From the fluctuation between strip by strip
This is also consistent with the systematical difference between
injection/flattop
L1 The correction may includes multiple effects from gitieen;
2/elemonics, etc Osamu Jinnouchi RBRC

“Carbon cut
“... dependence

[ Other systematic error is the cut dependences on the
(lamee - i 1,03 0.000777
" oE e(2s)/e(3s)
Ziiff/f/éLUE 100GeV through the run

T

o8

A T e indeys (since 41) ¢ v
Errors < imated with BLUE I00GeV 1.030+/-0.0008 c?ndf =277/124
extendedversion of D.Kowell's BLUE 24GeV 1.033+/-0.0007 =136/3"
{RER bhe data set is
subset to the other) Yellow 100GeV 1.033+/-0.0014 = 110/98
é(a/b) Yellow 24GeV 1.034+/-0.0010 =67/24

(a/b)/|(6a/a)>=(5b/b)2t :
So we expect 3% relative change due

2/10/2005 Osamu Jinnouchi RBRC / SR
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ssney

A ranrad At Srin

T ngt 56.31/12 }

04 22 0.05; | po 0.05052 + 0001623
a Lpt -0.01181: 0.009273 , ",

T .

Illl

Tk
w:} o)
o o

0.04

0.03

0.02

0.1

ol-- -

T1 Fttbl rl [ I RN N
£ 5
S

-0.01

L1 pC An(t) was reported in spin-04 conference
L1 Two main systematic errors (8P/P from jet 8.5%, Energy
correction) were combined linearly (magenta band)
[0 Since two components are independent, they should be
summed in quadratic (ligii blug band)
2/10/2005 Osamu Jinnouchi RBRC / :

"~ Comparison of Ay®'and
ANEPD Gaiparison of A

x = N — H
0@ i g A Trom E950
0035 mg - @ A, fomia l

[ Jet calibrated Ay is smaller ozﬁmm et

than the Larry’s fit to E950 ol e,
[1The ratio dramatically s A %gxg " -

changes in momentum s ey
¥

Ratio (ES50/Jet) I

P

I Sincewe do nothavea new  § wRatio is for each poing” |

Ay at 24GeV, we will use o A

these for the offline values e
i é‘ﬁ&w

24GeV - use E950 Ax(f) I

100GeV - use new 100GeV et o
An(d) LR R ¥ M7 P T

E950 Jet

[
L 4
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Offline results of run-04 (compared with online
Y BLUE 100GeV by — 078
3 sigma mass cut ’g‘%’t‘z‘;alazyim online  (P) T
o e USE NEW An(t) offline (P)=0.401
i “r  Redpoints: offine By
2 D‘A T . o, - 2o v;tgzs £
s 23 ‘ B : : When online energy
°“g o : s : " - : ;:orreggonjcha}?ntged
" Biue points: online © 7| Trom Sbug/em® to
b & 2 +—  B6uglom? at May 1¢
Time in days (from 4/1) ) neinags
{_EfoE Haria ) /“a‘ ndf 0447747
: O e/onllne - st |
A eOmS gt g
- ¢ EOH T ik ¢ é L Only the CNI runs
[ B 8§ PR 7 taken with event
e~ 1.247+/-0.01  1.079+/-0.005 | modedataare
v » selected
2/10/2005 Osamu Jinnouchi RBRC R /

"Run-04 blue
24GeV

33|gma mass cut Average P online  (P)=0.432

Use E950 An(t st
i n(t) after May 1° fine  (P) = 0.404
“E ' Red points: offline” s

133 el

Pelasieation

Ty

G4 .
2
B

: Blie points: online

time in days

“'é"ﬂ"ﬁm"f ’ St adr 7327
15 - cason : : pb 0.0381 = 0.003620

Ofﬂlne/onhne
0.94+/-0.004

&

s ¢ . .
15 0 5 3‘!3’ 3

M

'z‘«l‘:='~f:l~' ‘!l‘ xl!“:AllEi“Hi {H

T

ol -
o

- s ), 1, : 5 B N 1
0 ] £ E3 E)] 35

time indays
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Run

-04 Yellow

se new An(t after May 1%
{7 V109 Polarizstion J ( y Offllne ( P )= 0-365
§ b Red points: offline ] ll
el : o CBe i
b P " WHen online energy
"‘Egé ¢ o corfection changed
MET ‘:’, % ’ i from 49ug/cm? to
s jue pomts Orﬁme ‘ B0ug/cm? at May 1%
Ak 3 £ r)
!im[ndays
Y follne/onhne _ :
uE § ‘f&_i : : ,$¥% 3
1? L e om 53’ Ei&? i ;:
0. '-3_ "
N 1 .211+/-0.02 1 1 12+/-0.006
ik __,
Zj éwu e "zu ) % W % C i
timae indays
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Polackzation

o4
8.3
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04

is
R X3
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1
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L8]
88
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Ratio
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06 e

o

'Run-04 Yellow

2§S|Gg%\a/ mass cuf
Use E950 An(t)

¥ 2A Fotanzaton ]

Avel'age P online <P> = 0.422

after May 1% )
Y Voffline  (P)= 0.402

b Red poirnts: offlin
1
g l:

T

£y

HinEesu

L

. Blue points: online

kH ] ]

TVE Ritie }

43
time indxys

T Tndf B3 TTT
Popl £.877+ 0.047738

@fﬂme/onllne

'lle _.H!_.mja ||
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wHi
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Ter L iy
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Short history since RHIC retreat-04

at online

Poet-online) = 0.369 +/-0.02
P(pC -online) = 0.381 +/- small err
factor =0.369/0.381

=+.96%

in offline analysis Consistency check between alt and selected runs

P(jet-offline, selectad runs) =0.386+/-0.033
P(pC-online, sefected suns) =0.359+/- small err
factor =0.386/0.359

=+1.075

P(jet-offline, all runs) = 0.392+/-0.026
P(pC-online, all runs)=0.377 +/- small err
factor =0.392/0.377

=+1.040

[comment]
from D.Kowell's formula, 1sigma of the two
data sets would be (one is subset of the other),
sqrt(0.0332-0.0262) = 0.020
then the second factor (for example) could have error
(0.392+/-0.02)/0.377 = 1.040+/-0.0583

2/10/2005 Osamu Jinnouchi RBRC / )

| In the past runs, how the AN was

_determined ??
Dln Run02 '

Fixed Ax values were used for all the runs

[ BLUE -t = 0.007-0.030 Ax=0.0127+/-0.0040

TTYELL -t= 0.006- 0.027 Ay=0.0133+/-0.0041
These values were obtained from J.Tojo, where he
used the asymmetry information of both E950 and
RHIC CNI to estimate An value at RHIC-f range
(lower -f)
Since the RHIC asymmetry saw the rather large
asymmetry in the lower —f region, this analyzing
power is estimated larger than simply estimated
from E950

2/10/2005 Osamu Jinnouchi RBRC /

102



" Inthe past runs, how the Ay was

| _determined ?? -2

[1In Run03 Offline
Used effective An based on the Larry’s function fit
to E950 data points: weighting by the number of

event is the idea
—_— Z,L A?\?So(t)i X 17\7,5

-t range was chosento
Blue -f=0.0134 —0.0201 (600-900keV)
Yellow -t =0.0112 = 0.0201 (500-900keV)
This rather high—t values are due to large energy
correction
[1ln Run04 online
The same as in run-03, but in wider ~t range
Both rings —t = 0.00716 — 0.0224 (320

2/10/2005 Osamu Jinnouchi RBRC

-~ How the correction factors are

! . calculated

[JFor Run-02
Recalculate the effective An(t) within the defined —¢
range, and simply replace it

[ For Run-03
Need to take the ratio of effective An(t) from E950
and Jet calibration

[!For Run-04
Compare the online and offline (new An is taken
into account) results

7 All of these takes into accountthe N(t) (Cross section shape)

from the data

L1 The result does not change by using elastic shape N(t) =
NoExp(-Bt)

2/10/2005 Osamu Jinnouchi RBRC /
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Correction factors

g . < ”"F;@ T R frem £355 s
| Cross section weighted mean | 0.0352_} Be - - ¢ @ Afomim :
on 1lorc T - —— 04037% - ﬁéw N EaE
Biasht. 0 [78 EmaxeookeV(Run03 | oo Fhal o
[:] - : i ) Lo ; o . i

e 1MF - i @ Emax=1000keV (Run-04) o R ;

& 3 P i ’ 0.015:- ; Laty . :

£ 0Ot ..?@s;gg%g;. S
0008L . - . . R igigggi

i . N . , H

T5;

>
Ex..,.ﬁh :
= . H
: B -8 RUN-03BLUE | g
oo oor oW oo om0 % . f
Integration start - (GeVic) 8 o

© %  Emax = 300keV Bundd) - .
%  Emax = 1000keV (Run-04} L

"3 If we define the jetcalibrated pC A
If we s!mplytake 3, AIEHRN (). 125) With 66 ug/cm?energy correction (shifgin
t.he ratio of Ax(t) T ABISO(0) N (2) 12 e .
Integration range is defined for each year arqg;; ing. . e i

% —omes ooT oois ooz 092 [
integration start -1 {GeVic) 1
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Correction factors for the past runs

Correction Factors

[ Ru%ﬁz Blue Polgoes up by 8.9% (+13.6%-| 1.3% of
itse

: Polgoes up by 2.5%: (+13.4%-11.0% of

itself)

[JRun-03 Blue Polgoes up by23% (+13.6%-12.7% C
itself).

+ Poi goes up by

(+13.0%-12.7% C
itself)

[1Run-04
of itself)

2'Ofiline Blue

# Poigoes up by . .2%% (+12.3%-11.8%

EBPET.9% (#hly Piet error\

G0

Dol

- O 20/
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Consistency
(relatlonng: ——

~ dP/P=0.01
BLUE Offiine R=1.17 di=57ug/em?
o = = 2
5 |—Ro1247 d=tuglem dR=0.10 di=Bug/om?
S

B I,
dR=0.08 ddi=7ug/cm |
R=1.079 dI=66ug/cm?

—

Offline R=1.17 di=53ug/em®

= = 2
R= Ii21 1dI=49ug/cm = dR=0.06 ddi=7uglem?
j dR=0.04 ddi=duglcm® | T e

R=1.112 dI=60ug/cm?
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" The things need to be done with Run-
04 data

[ 24GeV calibration
Not satisfying statistical accuracy, but worth
to see any deviation from E950 curve

LISpin turn by turn frequency measurement

By using the unigue bunch crossing id,
pursue the turn by turn asymmetry (spin
precession)

Fourier frequency analysis is the way to go

(maybe) | can play with this data during the
next week

211012005 Osamu Jinnouchi RBRC /

AR SN

105



Summary

[LRHIC pC polarimeters are becoming very
stable device and precise tool to
measure the polarization

[IGood quality data samples enable to
explore the interesting features of the
beam properties

LIStill the energy correction is the major
Issue
Things will get better when the beam pickup
IS gone

2/10/200 Local non IIneO?arn.'!E
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o

. BackUps...

“The time dependence'ﬁ‘durln

not seen a str%g correlation

BLUE 100GeV
Eth=320keV

3Sigma MassCut =

the

The Ratio =
.+ Offline/Online

e

:wg,

15—
7] = i
= rd ind
1AE~ & 3 5 ke
1= sELle E 3 =
= : e~ =
LX) =2 = =
= 13 - ! =
i = =
= 12 5 l =
09 = = . £ = Z
= 11 H . =
08— = 4 ﬁé 7' = f 3,5;
= - £ = b
07 = = = =
= 0.8 — 9 =
06 = = =
= 08— 08 =
05 = L L = =
30 1] 32 07 B 07 =
o8 E- o
= E 1 N i 1
o3 0% 37 E3 3
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r,;1£?1.s|gma CupH

Sigma= 1501 20 GeV durlng a Iongflll

3sigma (6.7~15.7GeV) O (5.2~17.2GeV)
2sigma (8.2~14.2GeV) O (7.2~15.2GeV)

f;: BLUE 100GeV
Eth=320keV
2Sigma MassCut
. 5
The Ratio = .
Offline/Online -
3] E
07 =
=
15 |
wE- 45
e~ e 15— 5
12 §_ 14 ;':- 14 f___ !
11 %._ BE- == l
1E- 2E- 2E- | . Lz
'Y= T L] = L3 % . ?g“g:
= = = - A SHEW
r=n = B i_: N
:’7 £ (= LH = !
05 = o8 E— 08—~ i
0sE - L TE- 7B~
3 3 2 | 06 =
05,5 3 5B ® % %
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Measn values

®  Emax = 800keV (Rund3) I

: : ® Emaxﬂmﬂke\!(ﬂurrmy :
1.35F '
135 ..

1.15;;@%3@%% U
1
1.35'5 Weighted by EXP(-b‘st)
B TR ¥, w1 v 0.025
integration start -t {GeVie}
Cromsecﬁonwgﬂ‘ htad mean |
145F- . .. # Emaxs900keY {Run03)
145 . % Emax = 1000keV (Run04)
T .
g
12 gg%%@g@*
g EBEEE
T
105:- Weig hted by Eventspectrum

t: .

595 oor —ooE  oar o5
integration start (Ge\lfc)

u Jinnouchi RBRC

- The effect of the cross section
césssecﬂnnwgg' hted mean |

% 1,45%_
; 4L
2

leferentlal Cross section

170°}-

10k

WSJ'«M . s sl - o
00058 001 0015 002 '0025 003 0035 0.04

Mc +/- 5GeV cut
Read: pulse height
Blue: integrsl
Line: N exp(-68t)

-t

Use integral M.counts for the weights

Degradation in high —t.is from
- Timing cut
- variation of ma:
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kekdekdk AG E N D A*****

Gas — Jet Analysis UPdate susssssssssssssssssssssssssssssssssnnnnnnssss S. Bravar

Summary of pC CNI. wusssssssssssssssssssssssssssssssssssssssssnnnnns .0. Jinnouchi

Agenda dedicated to Osamu Jinnouchi as he takes a newposition with KEK.
All the best Osamu!!!!
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Physics Foundations for a RHIC Il Program

Degrees of Freedom of sQGP (Deconfinement)
= Heavy Quark Potentials in Excited Vacuum
«  Quarkonium production mechanism & polarization
Origin of Mass (Hadronization & Chiral Symmetry)

» Hadronization in Excited Vacuum

« Particle identified jet fragmentation in medium (out to 20 GeV/c)

» Clean parton energy determination via y-jet
Origin of Spin (of Proton)
* Proton spin (and QCD sea)
« Gluons, sea-quarks, transversity

* As from D-tagged W* measurements

» Beyond the Standard Model, parity-violating / rare processes.....

Phase(s) of Matter (CGC «» QGP) - o
= Bulk dynamics (HBT, flow, baryon dynamics, spectra) in 4n

* Single- and multi-particle measurements forward in 2n-detector

+ yyHBT

RHIC Spin Collaboration Meeting 11 March 2005

Brookhaven National Laboratory
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Origin of Soin (of Proton)

« Gluons

~  v-jet (provides x -—nge)

— Heavy quarks (D. ZJ

— Heavy quarkonia (J/y tag)

— Large E; jets (E; ~ =0 - 50 OOV jets)
. Séawquarkﬁ

— Anti-quarks (W production) *

— Strange quark (Charm-tagged W production)
« QOrbital Angular Momenfum?

» Transversity
~ Transversity dist. function of gand q
— Sivers effect (di-jets, y-jet) — Sy« (P x k') # ()
— 'Quark mass dep. in QCD Lagrangian (B-jet)

« Beyond the Standard Model

— New Interactions & chirality (parity violating
hard-jet production)

-0.04

* part of original RHIC Spin program
RHIC Spin Collaboration Meeting 11 March 2005

en=—1

A=2.0TeV

||||||||||||

sr\=+1

Mz =Mz

flipped SU(5)

Mz'= 200 GeV/ic?
flipped SU(5)

SM

Mz =300 GeVic?

Ty
1Mz =200 GeVic?

Brookhaven National Laboratory
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Detector Requirements for RHIC Il Physics

s RHI Physics

¢+ Quarkonium: e/u acceptance, resolution, rates, & x. — J/y + yfeed-down
= Jets, PID high p; leading particles (y-jet, jet-jet), correlations, large n acceptance,
v-tagged jets, large A range for correlations :
« Excellent Ap/p up to py =40 GeV/c (at y,,)
« Electromagnetic / hadronic calorimetry over ~4x phase space
« Particle identification to high py (p ~ 20-30 GeV/c)
« hadron (r,K,p) and lepton (e/h, h) separation central and forward
»  Flavor dependence:
» Precision vertex tracking (displaced vertices c/b-decays)

o Spin Physics

Jets: large n} acceptance for jets, y-jet, high p; identified particles
=  Heavy Quark Production: e and p detection, precision vertex tracking (c/b-decays)

=  QCD (especially jet physics):jet reconstruetion, sing le-photon detection (y/w° separation),

b/c-tagging
= [lectroweak Physics: e and p detection and missing energy measurement

= Physics beyond the Standard Model: e and p detection, jet reconstruction, blc-tagging and

missing energy measurement

= High rate (40kHz) detectors, readout, DAQ, trigger capabilities.

RHIC Spin Collaboration Meeting 11 March 2005 Brookhaven National Laboratory
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Detector Specification
« Full acceptance in barrel and forward/backward region (0 < |n| < 3-4)
— Tracking

— High-rate capabilites (pixel, silicon and GEM-type detectors)

— Precision inner vertex detector system - secondary vertex
reconstruction, momentum resolution

— Particle ldentification
- 7, K, pto -20-30 GeV/c

— precision inner vertex detector system - secondary vertex
reconstruction, momentum resolution

— Electromagnetic and hadronic energy

— transverse and longitudinal tower segmentation (for jet reconstruction
and electron/hadron separation).

* Specialized calorimeter / tracking beyond [n|~4 at small x for E g
« usystem in barrel and forward/backward region for heavy flavors
Large B-dl,B~1.5Tover1.5~2.5m.
Precise relative luminosity measurement at high-rates
Local polarimeter & absolute luminosity measurement

High rate DAQ, triggering for rare processes, secondary-vertex trigger

%

RHIC Spin Collaboration Meeting 1 I March 2005 Brookhaven National Laboratory
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A Comprehensive New Detector at RHIC Il (R2D)

Central detector (jn| < 3.4)

coll (B =13T)

Forward tracking:

EM Calorimeter | '

Vertex tracking |

Tracking: ,__

Si, mini-TPC(2)) |
p-pad chambergii|

PID:
RICH
ToF

Aerogel

In| <1.2

RHIC Spin Collaboration Meeting <1 March 2005

2-stage Si disks

- Forward magnet
(B =1.5T)

Forward spectrometer:
m=3.5 -4.8)
RICH
EMCal (CLEO)
HCal (HERA)
u-absorber

Brookhaven National Laboratory
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Characteristics of R2D — Unique RHIC Il Program

_.Central detector (jn| < 3.4

l.arge magnetic field (B = 1.3T)

- 3.4 < n| < 3.4 inside magnet
— Tracking
— PID out to 20 — 30 GeV/c
— EM/hadronic calorimetry

S B P
P ]

Forward spectrometer:
=35 -4.8)
magnet
tracking
RICH
EMCal (CLEO)
47 aeaeptanc& mi<12 HCal (HERA)

u-absorber

— 1 chambers
— Triggering

3.5 <1 < 4.8 forward spectrometer
- External magnet
— Tracking
— RICH
- EM/hadronic calorimetry
— Triggering |

RHIC Sg'n Collaboration Meeting 11 March 2005 Brookhaven National Laboratory
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Alternative: R2D based on CDF
(CDF and CLEO have same field and magnet radius)

SCCoil; Bz=15T

EMC, Fat+io

RHIC Spin Collaboration Meeting 11 March 2005

M”M

v GEM Tracking D.

wo TPC+Ch.D. systems.
Pad Detectors with Csl

(UV converter) in the same
-gas volume to use TPC
“working” gas as UV radiator
~ First; C4H10

' Second: CF4
Maximum drift time ~10 ys
TPC readout: GEMs+pads

Brookhaven National Laboratory
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Forward Co\erage in op, dA and AA

Forward emission in hadron collider: QCD analog of low-x deep-inelastic scattering

leading
g" particle
T o
'Fié:%%i‘ g A
- y EE\E

hzg%«x va we& qggs:z:‘k

< ‘ : +p —> =° + X, vs = 200 GaV, n,=3.8 (PYTHIA, 3075)
{}3 by X G? 0001<X <O1 g o 30'(!:',2406e‘1;d:}m—ml < 0.7
Rapidity interval (forward - mid rapidity) | *os i For2—2 processes |§
correlations (Mueller-Navelet Jets) ~ e
Q-1sE
« Large mid-rapidity acceptance (In|<3.4) X -}
+ forward rapidity (3.5 < |n| < 4.8) & -25F S i
« Large acceptance - full coverage of 3 “Ha
recoil parton and PID U g < > | = I
: o ey -H® Hio ™
—> Spin effects with rapidity interval ., [] & Central Tracking i I s
cormelations 1 = 1+ calorimetry + PID | @ |-
R R S S B R A R S

Mg
RwlC Sgyn Collaboration Meeting 11 March 2005 Brookhaven National Labgcr)gtory
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Acceptance inn & p;

Essential for jets in general, esp. quark-gluon Comptoﬁ- spin program
= tracking + PID + HCAL + EMCAL

f Broadening in n and p;in pp (y+jet) ,

Y
pr =48 GeVic =7 ", parton all p
911 GeVic & b
418 Gevie T STRehgy g, TR RS
- S f}# f *{*} %
- ][ E }
0.8~ A l+ (A
' tEoty
06~ %Jf‘l )L ;
3 * *
* A
02f a o
A "+ PYTHIAB2 ¢+ -
LT g yretinpp Y
Oloetst™ e dooe oom X0 0 0 Vv v 0 b oy T d
6 -4 2 0 2 4 6
-1
0.08—
- PYTHIA6.2
0.05F- 14 < pr < 16 GeVic
- .16=0.9
004 9o p; <11 Gevic [
- o=1.0 b
0.03f- 0 a<p<sgevic
» A o=12
0.02- B
- B,
0.01E- g
% e

RHIC Spin Collaboration Meeting 11 March 2005

An= Ny~ Njet

PP

Preliminary STAR results on number
correlations for p; < 2 GeV/c

Broadening in n and ¢ pp

5
E
35
2 o'
1
0 2
1
2

An elongation on away side

Brookhaven National Laboratory
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EM and Hadronic Calorimetry in pp

vHjet at colliders
— Direct y component —
— Fragmentation background
(z) not well known

- Dv/q,g

pp (spin)

isolation cuts E,,4<¢€E,in cone
requires HCAL (see CDF)

» Hermetic detector (4n HCAL) = missing energy
W production: W — e(u) + n  (Nadolsky, Yuan, NPB666 31), W — jet + jet

RHIC Spin Collaboration Meeting 11 March 2005

Brookhaven National Laboratory
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HCAL EMCAL Py Tracking

Detector Coverage = n— I
- H 5 i 7
s20f 1 i H -
Calorimetry & p-detector: -3 < 1 < +3 . o
280 2 -
I 1 ]
Tracking: -3<n<4.5 a0k 3 : :% E
PID: =%2<n<3 200E 2 e
: O F ®i 11w -
160k %l 1 % .;
S H1 =
120 : !
. | il 3
- I all _
80 [- | il :
2 N
oF | H1 o
. Tl
@D (r. K. p) 0 Fgt A
ToF !
e A1+TOF
A14A24RICm _lCH
1. 2. 3. 4 5 6 7. 8 9 10 12. 14, 16 18.

RHIC Spin Collaboration Meeting 11 March 2005

p (GeV/c)
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High-p Particle ID (&, K, p)

PID acceptance factors over upgraded RHIC detectors: f=72 (PHENIX), =3 (STAR)

- »10’3

103,
2 Pythia 6.2

200 GeV p+p
>10GeVic -1t
n -pP

i
s Ef’\:h

It

| Pythia I sTAR,
10 200 GeV p+p  ° 1
, o b P, > 10 GeVic ) : . ~:‘§'c>|

1

ey
p
Tl

dN
d
]

g Bl
% H

k>

10 Paéﬂ'ﬁc "

-7 '
._m ' New d&tec}m, 20 GeV.

i ﬁ - .
10°* | - Fa- Y
i e E,
107 g - %

T :}Q\ﬁ H
: o~

0™ B R TR
lﬂ-‘l! | | | El Ii [ f F
0 5 10 15 20 25 30 35,

frag particles p [GeV/c] {

i
PR . i ¥
I S

TRT'L T O A %ﬁ:ﬁ

SN %IE | |+H
i 0 5 10 15 20 25 30 35
frag. particles p, (GeV/c)

O Wty o e g it
=
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Quarkonium Physics

Quarkonium Measurements

* Measure yx feed-down to Jhy
* Production mechanism studies

* Nuclear absorption/shadowing studies

Resolution:

Acceptance — Rates

100

[ 1S
250 - Y — “u
200 + 1
: Mean  Sigmo
. i 9.46  0.06
B ¢ 10,03 0.065
150 %:} 10.35 0.069
- o 28 38
8]
i ;4“1.}& % . b
50 — / };i}‘“ »; g}ﬁx :
[“%?5% o
3 ‘ "‘ '\

Og8™ 90 02 94 96 98 100 102
Invariant Mass (GeV/c?)

104 1086

Acceptance

Xr_dependence:
T RS e ]
....................... A S 4 T §
R =ty 3
NCD: 1

[T———

Il < 3. Pey, > 0 Gevic |
| < 3, peyy > 1 GeVIC |
Il < 3, ey > 2 GeVic
Nl <4. peyy >0 GevVie T
Nl <4, peyy > 1 GaVie
Nl <4, pey > 2 GeVic

Precision Tracking + Muon Detectors + EMCAL + PID
electrons and muons 1| < 3.4, Ap = 2n
X and cos®* coverage
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Unigue Physics of the New RHIC |l Detector

Heavy quark potentials in excited vacuum
-~ Quarkonium production mechanism & polarization

Hadronization in an excited vacuum
— Particle identified jet fragmentation in medium (out to 20 GeV/c)
— Clean parton energy determination via y-jet

Flavor dependence of proton spin

— As from D-tagged W* measurements
— Rare processes.....

Bulk dynamics (HBT, flow, baryon dynamics, spectra) in 4rn

~ Single- and multi-particle measurements forward in 2n-detector
— vy HBT |

RHIC Spin Collaboration Meeting 11 March 2005 Brookhaven National Laboratory
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Backup slides

RHIC Spin Collaboration Meeting 11 March 2005
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Tracking Detectors under Consideration

Tracking Detectors in Barrel Simulation
Detector R position __half-length Sigma-ré  Sigma-Z Thickness
(em) (cm) (cm) (cm) (cm)
Vertex detector{ I {
1, APS 1 28 96 0.001 0.001 0.02
or 2 4.3 12.
SiPixel 3 65 21.
4 10.5 27.
Main tracker
2a, Sistrip 1 19. 39. 0.003 0.03 0.03
2-sided 2 245 42.
3 31 45,
4, 335 51.
5. 46. 57.
6. 56. 60.
or
2b. miniTPC 22.5 - 60. 55. 0.012 0.035 02 Mylar + Gas
(35 pad rows with 0.2x0.8 pad size)
High p tracker
3. Micro-pattern pad detector
1 70. 76. 0.17 0.17 03 G10 +
2. 115. 110. 0.01 09 1.Gas +
3. 135, 130. 0.01 12 0.05 Mylar
4, 170. 165. 0.01 14

11 Only two vertex detector layers were used in the track reconstruction of this simulation. These were Si pixels of 20x100 wm? size at 6.5 and 10.5 cm radii.

RHIC Spin Collaboration Meeting 11 March 2005 Brookhaven National Laboratory
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Momentum Resolution

» dPYPt, %

InL< 08
Qoo '1 “Pad detectors only
il ,.**'. ronamemtT all tracking detectors
1 Bgenemmeme=e™""""

5. 10. = 20. 30,

o
Pt, GeV/c
dPUPt, % Ini > 2.2
2. 4 8. 12
>
Pt, GeV/c

RHIC Spin Collaboration Meeting 11 March 2005

dPYPY, 9
s, GPUPL %

0.8<Inl < 1.6

0-F ;
6 - |
-
- . =
- - o
"
- -
-
.‘ -
)
- @
. - o Pe o
- oa® S - * T
z F P [P
- o o ™
1 pafeeem :
o L : f . ; s e
. k=3 =) T sl 20 30 A%

5. 10. 20. 30.»
Pt, GeV/c
dPt/Pt, %
A o Pt=10.GeVic
/ |
| [
10+ | N e P 2 GeV/c

1 Th 22 7.5 _'.3

> Ini

Brookhaven National Laboratory
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Charmonium y_Feed-down in this Detector

41055"!III"'!ﬁ|II'i‘E,..~:g umE>OGeV l Illll'l|lﬁil’lllllllr1lli|lllE
s E Ly 38 fEsqeev o= SV + 7
Lﬁ- lx’f‘l'l<3 : 5104’:_&.1“%#« E,Y>2Gev lyJ,qll<3
g ) . > | == Ey>3 GeV
510 = 4 E L EY>_4GeV
i~ Ty pu
103 : 5
T”E.
1,
LLL”L
10 %L L’mb]] 3
10 ' -
0 § PYTHIA 6.22 \lli
T Y TN P T
0

2 4 6 8 10
Ey (GeV)

To measure y, decay & determine feed-down to J/y
Y. —> Jy + v, must have large forward acceptance for y

RHIC Spin Collaboration Meeting 11 March 2005

Brookhaven National Laboratory



Preliminary Budget

Central detector (jn| < 3)
1 Magnet

= Coll (replace with superconducting)
[1 Tracking (Silicon or Gas)
Vertex (APS)
HCAL (streamer tube exchange)
Muon chambers
EMCAL
= Central
= Endcap
O PID
= RICH (mirrors from SLD)
# TOF
= Aerogel
@ Forward detector (n =3-4)
1 Magnet
3 Tracking (Silicon)
1 HCAL
1 PID - RICH
0 EMCAL
# Combined DAQ/TRG
= Detector TOTAL

Conventional facilities

Oo o 3

c¢el

RH C Spin Collaboration Meeting 11 March 2005

$57 M

$2 M +inkind (SLD)
$10M

$15 M (inc. STAR upgrade)
$2 M(inc. STAR upgrade)
$2 M+inkind SLD

in kind SLD

$ IM + in kind (STAR, DO)
$ 10 M

$12M

$ 1 Minkind (STAR)
$2Mm

$11M

$ 1 M+inkind DO
$5M

$2 M+ inkind HERA
$2M

$ 1M+ inkind CLEO
$15M

$83 M

$18 M
$101 M

Brookhaven National Laboratory
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New RHIC Il Detector

| The RHIC physics program will NUT be complete without a successful RHIC Il program
Central detector (In} < 3.4)

Forwardtracking:
2-stage Si disks

Forward magnet
(B = 1.5T)

Vertex tracking 0 wl/‘
Tracking: : Forward spectrometer
i, mini-TPC(3 — - ’ LS =35 -48)

EMCal (CLEO)

PID: | HCal (HERA)
"RICH i u-absorber
ToF I
Aerogel

The RHIC If program will NOT be successful without a comprehensive new detector!
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RHIC pp Plan

Mei Bai
Brookhaven National Laboratory
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Status

0 A ramp for Physics at 100GeV is prepared(pp21)
0 Preparingpp22 for the 205GeV ramp
1 BPM Plans
® Fix the snake and rotator bpms during the access
time
® BPM integrity checkup
[1 goal: to get rid of all missing wiring problem

® Double check the DX bpms at P12 for Jet and BPMs
for CNI polarimeter

[J CNI polarimeter: on schedule
[0 H Jet polarimeter: on schedule
[0 AGS status: Haixin's talk

March 11; 2005 RHIC Spin Collaboration Meeting
BNL, Upton
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AGS cold status

Oy r r s t edupand 11 for . I
(Fnday night).

[1 Low level testing once the magnetis cooled

[1 Fulltesting

[0 Ready t0 deliver

® Estimate still holds for March 30. Could be a couple of
days earlier if everything goes smoothly.

March 11, 2005 RHIC Spin Collaboration Meeting.
BNL, Upton
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Timeline and Run Plan

A S S
[0 March 24,0800:
® end of Cu run and beginning of pp run

® Maintainence: 8 hours
[1 experiment setup
[J ps work by George: 4 hours

March 11, 2005 RHIC Spin Collaboration Meeting
BNL, Upton
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Timeline and Run Plan

_
[0 March 24 - March 26 0800
B Injectionsetup

[1 circulating beam with snakes and experimental
magnets on

[J Rf capture

0 beam instrumentation setup
® Bpm timing and integrity check-up: 6 hours
m RHIC tunemeter and injection damper timing

® |PM, PLL, Schottky, BLM threshold
® CNI polarimeter: existing Si detector and targets

1 tune and chromaticity setup
[0 orbit correction: ~0.5mm

O decoupling

[0 snake current scan

March 11, 2005 | RHIC Spin Collaboration Meeting
‘ BNL, Upton
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§ and Run Plan

[ March 26 - March 30 0800

B Energy Ramp development
1 Brho loop
[J tune the tunes and chromaticities
[1 orbit corrections

0 March 30 0800 - April 1 0000

m RHIC access
[0 Jet target installation
[1 CNI new target and detector installation
OO bpm work
® Fix the miss wiring bpms .
® Add 6 mare planes

® Fix the snake and rotator bpms
®m Cross checkthe bpm atiP12

e L1 AGS cold-snake-installation

March 11, 2005 RHIC Spin Collaboration Meeting
BNL, Upton
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Timeline and Run Plan’

T
1 April 1 - April 7

B Resume the ramp development

B Commission the CNI polarimeter with new 3
detectors

March 11, 2005 RHIC Spin Collaboration Meeting
BNL, Upton
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Timeline and Run Plan

O April 7 - April 10
® Establish collisions: steering, colllmatlon

1 April 10- April 16
® Hne tune the ramp to Improve polarization
® Provide collisions overnight for experiments

1 April 16- June 25
® Spin Physics: 9 weeks
B polarimeter calibration using Jet at injection

® Machine development

[1 accelerationt0o 205 GeV
® Polarization development
® Phobos 24 hours collision data taking at 205 GeV

March 11, 2005 RHIC Spin Collaboration Meeting
BNL, Upton
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Schedule

M polarimeter calibration using Jet at injection

B Results from FY2004 data
® How longis needed

[0 Machine development

B accelerationto 205 GeV

[ start as soon as we are in the steady Physics run
phase

[J 3 - 6 DAY shifts needed to develop the ramp before
polarization development

[J Phobos pp data taking at 205GeV
® 24 hours data taking
® At the end of pp run

March 11, 2005 - RHIC Spin Collaboration Meeting |
BNL, Upton
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Acceleration beyond 100 GeV

0 Ploy
@ Develop the ramp ’rc> 205 GeV

[1Measure ahp polanzo’non/orbl‘r distortion along she ramp

[1Conrrol she workisg poind 'n ghe box frep ot snake soin
resonances

[ILocate where beam gets depolarlzed If the depolcnza‘rlon is
dominated by a single location, scan the orbit distortion
around that location vs. the amount of depolarlzo’rlon loss

® Develop the ramp to 170 Meaosure the polomzc:‘non/orbnL
distortion along the ramp |
- [IScan the orbit disportios around 135 GeV where the sfrong

intrinsic resonance is located VS, The beam polcnza’non
- Maintain the working point away from snake spin resonances:

March 11, 2005 . RHIC Spin Collaboratlon Meeting
| BNL, Upton
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Challenge of going beyond 100 GeV/

Intrinsic spin resonance

28.73, Qy

29.72, emit= 10

QxX:
=

resonance strength
o
{2
|

45

G5

p=217 GeV

Th 3 gives the same Brho
as Cu and one can avoid
an additional DX magnet

training

achieved

85 105 125 145 165
Pl Gsv]

185 205 225 245

March 11, 2005

RHIC Spin Collaboration Meeting
BNL, Upton
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AGS Polarized Proton Status

RSC Meeting BROOKHEVEN

| o NATIONAL LABORATORY
Mar. 11, 2005
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Progress in past a few Days

wWse shorter AGS cycle this ypar (4.55 spc ->» 2.5 spc.).
However, it may have to be change baok to 4.55 sgc.
during NSRL running period (Mar.28-May8).

Established beam in AGS extraction(1.5*10").
Warm snakgo is on, orbit correction done.

Calibrate thp Gauss Clook Counts for the new rmin magngt
fonclion (going on).

Exercised four QC dipole pulses.

Commmissioning CNI polarimeter is going on.

E880 polarimeter already measured ~80% polarization at

QGS injection (Booster harmonics fynotion copied from last
year's se(ingj.

2 Haixin Huang BROOKHRVEN

NATIONAL LABORATORY
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GS Helical Warm Snake is On

panGie
B
B

3 Haixin Huang

NATIONAL LABORATORY



[
9]
[\

Goal for Next a Few Days and Beyond

e Booster harmonic scan to make sure no
polarization loss in the Booster.

e Cornmissioning CNI polarimeter.
e Setup AC dipole pulses (timing, driving amplitude,
tune separation, coherence).

e Reestablish polarized beam at AGS extraction.
Goal: 50% with 10" intensity.

4 Haixin Huang BROGKHAYEN

NATIONAE LABORATORY



AGS Helical Cold Snake (1)

153



12°1"

AGS Helical Cold Snake (2)

6 Haixin Huang

BROOKHRVEN

NATIONAL LABORATORY
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Cold Snake Status

Cool down started Thursday. Will cool down slowly to
monitor the heat distribution. It may take two days. Wheo n
the ring, it may take 24 hours to cool down.

Several milestones: Wiring is done. leak checked and
pressure tested.On schedule for the cool down.

The magnet will be scrutinized in next two weeks. We
should know by March 20 if the magnet is functioning as
expected.

Cold snake magnet scheduled to be ready for delivery on
March 30.

The commissioning of the cold snake is likely to start in the
middle of April after RHIC pp physics run starts.

7 Haixin Huang BROOKHEVEN

NATIONAL LABORATORY
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RHIC Po 'arimetry

Status and Plans for 2005 run
JET
RHIC pC Polarimeters

AGS Polarimeter

RSC meeting, March 11, " 05 Alessatdcs Bravar et al.

BH(II)KI'IRMEH

NATHONAL

LABORATORY
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RHIC Polarimeters

absolute pﬁ

palarrmeter \

PHOBOS _,— .

Siberian

Snakes STAR

Spin Rﬂtatom

LINAC

Pol. Proton S()un,,e
/;v ‘ )
‘Rf Dipoles e

200 MeV pﬁlamneter | '(

20% Snake

RHIC pC “CNI”

/ polarimeters

BRAHMS

—_ & PP2PP

5% Snake

AGS 1u351-elastlc yolarlmeter

— AGS pC “CNI” polarimeter

BRODKHEUEN

NATIONAL LABORATORY



What we do

scattered
(polarized] ~proton .
_ proton bearn T
elastic wﬁ) i
ppand pC t =(Pous — Pind <O
scatterin ,.
at g polarized
proton target « recoil proton
or Carbon target " or Carbon

recnil detectors

a
©

jet target ' - . beam j . target
bluebeam Ppe = Prayger - ey /BN O

U
ANDC = Ef\épc / Poeam
U

_ o Ppeam = ENQCI{ ANpC
recoil detectors

NATIONAL LABORATORY

\ ~ )

.~



JET Target

® Basically ready to install
will be moved to IP12 on Marc() 30t

® JST “composition” measurements with Slpctron Gun dong
® rnstalled shytters for calibration o, sources
® Now spt of Silicon detootsss installeC =nd tested

= M 35T renning smogthly with Qigh asC stable polarization ~ 96 %
Much more work done than in this short list

STILL TO DQO:
® Some more work on the dissociator

® Install Front nd =lpctronics
= Complete shaping electronics (new design)

" Online s Bware (de\elop forther “04 programs]  sroskasuen
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2005 running

measure both beams

trange of 1x 1073 < - < 1.0 x 1072 GeV?2
<AN> = 4%

same detector will cover both beams
(recoil arms off set by ~50 mm) | _4-36mm
all detector read out at all times

both beams measured at the same time ?

11-18

ﬂ")
w
=
Jrany
o}
=]

A Ppeam / Pbeam < 5 % measurementin ~ 1 week
(based on ‘04 rates, assuming 60 x 1011 protons, ...)

= 4 "Blue" and 4 “Yellow" independent Ppegm
measurements & AyP¢ calibrations during " 05 run

GOAL: reduce systematic error by 2 o
more background running (at least 10 % of data) ST
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RHIC pC Polar meters

“% beam
direction

Ultra thin Carbon
ribbon Target
(3.5png/cm? ,10pm)

inside RHIC ring @IP12
SETE T §5OME & .74

&

Si strip detectors
(ToF, E.)

~ 37 cm

“Kz;g e

Y

RHIC X 2 rings P A

® 2 X 72 channels read out with Wave Form Digitizers (2 X 48 in 20037

= very large statistics per measurement (~ 20 X 109 events) — detailed
analysis

— bunch by bunch analysis —
—- channel by channel (each channel is an “independent polarimeter™)

~ 45° detectors: sensitive to vertical and radial components of Py,
) - BROOKHEAEN
— unphysical asymmetries NATIONAL LABORATORY
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2005 Upgrades for pC

® New grounding scheme
hopefully will suppress/ eliminate the beam induced pickups

(believed to be the major source of systematic effects)

® New Front End electronics
will solve all oscillation problems

® New shaper boards
calibration measurements much simpler (and therefore more frequent)

® Target "upgrade"
better alignment & new frames

new controls

® Additional information: orbit numbers - event builder (already end of *04)
== complete time stamp for each event
-~ although independent, all channels can be correlate
= spin tune measurements and spin flipping

® however 120 bunch mode operation still difficult this year R i
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DAQ

® 2 independent WFD / DAQ systems for Blue and Yellow ring
JET still coupled to one of the pC polarimeter readout

® Much faster compared to 2004 using USB Camac controllers:
— ~ 8 X faster with 12 MB/ sec data transfer rate already achieved
(need debugging)
typical measurement < 15 sec (vs. 2 minin " 04)
readout of a ramp measurement < 2 min (vs. ~ 30 minin '04)
== expect even faster (2 x) with new firmware (doesn't work yet !)

® Several automated tasks developed / being implemented
= new interfaces for operators (target, DAQ, online QA, ...)
= target scans
"= polarization profiles

® New FPGA algorithms being developed

" better Timing & Energy resolution
- address / solve some problems encountered in previous years
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Running
Yellow and Blue beam polarimeters fully deooupled (2 independent systems)

JET coupled to Yellow polarimeter
(in the future will procure more readout electronics to fully decougle also the J ET)

alternate rmpasurernents with pp CNI (JET) and pC CNI polarimeters each 1 — 2 howrs

pp measurement: only fraction of whole statistics, requires ~ 1 week
pC measurement: > 2 X 107 events (full measurement)

~=  share the same set of
/ WEDs (total 96 ch.)

| ™ g multiplexer g

| WFD

NATIONAL LABORATORY

[pAQpC] emacutin

| DAQ PC|
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RHIC polar zatronﬁproﬁle

| BLUE H scan _

® (Dolarization
M Beam Intensitx

| H Scan --horizontal
3mm . | scan wth verreal
Sa5—Hss ms 1170 15 T196 {20642 T '15'2'9 ‘1530 151;0’ 550 target

- RosaryPosmon?? P

Ratirs Paclfian

V Scan — verttical
scan with
horizontal target

’
T 1600 1610 1020 1630 1040 1050 1060 D T T R L 35%6,' {840
Rotary Poslfion L . .. . _Rotary Posidon
Polarization Profiles observed during * 04 run
Evidence however inconclusive at this stage
Will be studied in detail during 2005 run
Suggestions on additional m aserements welcome ... SROOKHIUIEN,
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AGS pC polarimeter

™ No more beam induced pickups !
= solved all intensity related issues
= works reliably up to and above 2 x 10! p / bunch

® Almost ready to restart operations
— RF clock still to be solved
~ new AGS cycle = redo timing

® Later during the run will install also 450 detectors

(relevant for cold snake)
= all hardware already in place or available

® Polarimeter chamber realigned during * 04 shutdown
observed acceptance asymmetries indeed due to “bad” alignment

Detectors moved ~5 mm forward to work also at injection energies

B Develop more automated procedures for ramp measurements

NERROM BTN,
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Summary

® significant developments / upgrades from " 04
will address several "'open' issues and
(hopefully) solve some pending "'problems"’

® much faster DAQ
Yellow & Blue independent readout
= detalled polarization studies

® AGS polarimeter almost ready to start operating

® RHIC pC polarimeters "upgrade™ & JET installation
on March 30 - 31

BROOKHEAUEN

NATIONAL LABORATORY



Peter Steinberg

PHOBOS Case for
400 GeV p+p

Peter Steinberg

Brookhaven National Laboratory

RSC Meeting, 11 March 2005

PHOBOS




Counting Particles in PHOBOS
' bl L 2T

I U TN el
Lt H g‘“!i . it
AN T
zt._h H}'H!_LE

i T {!_.gatﬁli.‘i?{{ [l
Signals in the Si for
a single RHIC event!

PHOBOS
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dN/dn in Aut+Au

PHOBOS PRL91 (2003)

800, 19.6 GeV 130 GeV
= 600f |
2 _

_ Most Central
© 400

200!

Extensive data set:
3 CMS Energies, N . from 65 - 340, |n|<5.4

Once again, we just integrate over 4!

Peter Steinberg PHOBOS



dN/dn in Au+Au

We have better statistics PHOBOS p+p Preliminary
AND SYStematiCS than R 0 +p at 200 GeV IneIaStIC(PHOBOS)
UAS5 (only existing 4n ~ % p+pat 200 GeV inelastic (UAS5)
measurements up to now) '

sl UAS5 had O(1000’s) events
at every energy

We have better coverage, | |
statistics --> systematics ¥54 32101234

7N=-Intan(6/2)

Peter Steinberg PHOBOS
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N, vs. Vs in ptp and A+A
~ 40p -
N [ ™ pp(pp) Data a
30| @ PHOBOS ¢

-
T
! |
s
g
1]
o
= i
i
p
I
e
L
=
A

‘ - ¥ PHOBOSinterp. @
= | .
"= 201~ NAd9 |

i B Central A+A
. & . PHOROS nucl-ex/0301017
‘ AT Particle Data Book (2000)

13 S A N I I% I H 1 1 ‘

. Y -
1 10 10 1%_.
\Ns(GeV)




Angular Distributions

'@ PHOBOS Au+Au

®  UAS5 (pp, NSD) |
< ALEPH (e"e prelim.)

—~
Q!‘:
g
<
~
——
o
9
<
<

e

Data / AA Fit
=

DN

e
Q

Peter Steinberg




GLT

(N (N /2))

40

Peter Steinberg

A+A vs. ptp

10

=

- ® pp(pp) Data
" @ PHOBOS

~  NA49
- E895

" v PHOBOS interp.

Central A+A

PHOBOS nucl-ex/0301017
?amc:le Bata Baok (2&9&}

1 %_( GeV)

PHOBOS




9LT

More Comparisons

Peter Steinberg

- NAdB

- * pp(pp) Data

- - e'e Data

— —pQCDfittoe e
- @ PHOBOS

- ¥ PHOBOS mterp

(N} o eXp(1/B/aS)

(MLLA pQCD, Mueller 1983)

Pamcla £

Central A+A

PHOBOS nucl-ex/0301017
w‘x Baak éﬁ%@%%%

1 Qf_fGeV)

PHOBOS
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What about p+p?

In p+p collisions,
have “leading
particles”

* Flat distribution of

Phergy

Only 2 of energy
~available for
particle production

N

Peter Steinberg

lllll LALLM N I et A M

PP
& Basile et al, (ISR)
& Aguilar-Benitez et al. (400 GeVie)
it Brenner et al. (175 GeV/e)
™ Brenner et al. (100 GeV/ic)

PHOBOS
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Peter Steinberg

Historical Note

s SPEAR-MARK |

PETRA
J } PLUTO

e THIS EXPERIMENT

¢
ot
Leading particle effect
studied at ISR p+p
by comparison to e+e-
(Basile et al, 1981-1984)

S O OO D 0 T T L TN YO JUUN URUNE OO O M NN W

i
g 10 20
Vslyro- VI di2)?

]
36 40 50 80 [GeV)

PHOBOS
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Three Behaviors...

40

o~ —
N - ® pp(pp) Data
'""‘E - e'e Data *
a 30 ---Fit to &e- ’
€ [ a PHOBOS {} *
= . ¥ PHOBOS interp.
S 20
ZO - NA49 l
~ - E895 Jf Correct for
i — 34 - leading particles
10 B T:ﬁ‘ » "
B sl M
I - aFa
- «-#. """ "
OI | S W | 141 | 1 it 1
2 3
1 10 10 10

\l§Ge)

PHOBOS

Peter Steinberg
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40

N _ o
N b " pplpp) Data@Ns/2 ,

‘% i e'e Da;[a /' But these points
zﬂ- 30~ ... Fittoe'e" " don’t seem to fit
S . _ PHOBOS _3; Y/

3 OS interp. s = ./
i inter e
“$200 RA% P2
E = ES95 § ~~ Universality of
" i /{/ particle production?
- -
e

Peter Steinberg PHOBOS
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PHOBOS Request for 400 GeV

——
N
:
T
[
Q.
P4
S
v
p
o~
L
O
2
o

P
o

W
Q

N
o
lim.l { | ! | | | I'l | i { { I { i | {
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Other Systematics

Multiplicities have been useful
systematics for all RHIC systems

We can now add another energy to
our systematic plots

Peter Steinberg PHOBOS
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Energy Dependence near =0

Peter Steinberg

e PHOBOS
"' NA49 (SPS)
" E917 (AGS)
 © ISR (pp)
£ UAS (pp)
1 CDF (pp)

9
4
3
2 e'e data
o

PHOBOS




“Limiting Fragmentation”

J—
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Peter Steinberg PHOBOS
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What do we need?

The 200 GeV p+p data set
was a total of ~17M events
over 4 days.

We take about 1M events/hr

with our current DAQ at
max rate

Most of these events are
usable (]z|]<60cm)
So in 16 hrs (2x8 hr) we can

achieve similar statistics
and systematics

* Sufficient for comparison to
200 GeV i : {, :
High quality 400 GeV data T I |

set fos 110 115 420 125 130
‘Day in 2004

NN
o

- Positive Polarity
- Negative Polarity
- Zero Polarity

L)
)

Good Events (M)
N
gz T

.
=)
T T

Peter Steinberg PHOBOS



When do we need it?

We are in our last year as PHOBOS

* Not official decision yet, but a very likely outcome of DOE budget
Personnel will be decreasing rapidly after Cu+Cu run

* Layoffs

* Departures

« Shift of efforts of local support to PHENIX & ATLAS
Prefer to take 16 hours of data in 2nd week of May

However, if other experiments will benefit from waiting until
end June, this may be optimal for the program

Fixing date is highest priority, to facilitate planning for
reviving PHOBOS for 400 GeV

Peter Steinberg PHOBOS
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PHENIX Plans for Run-5 pp

Abhay Deshpande
for PHENIX

RHIC Spin Collaboration Meeting
March 11, 2005

Abhay.Deshpande@StonyBrook.Edu
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~Summary of BUP Run-5 Request

i R s Xl

« shimatesnnm 1g the Cu 3 3} e
| rty( i )1 et al document, n
- Cu-Cu | A LPW.L o
— __apredicted HF |l {would x 9 nb™and we did
Ist a itll rr o sl >
* P-P polarized ve re we waoiiid re jor ! b atan
average )larization> | c 11 weeks of running
— 5.5 pb'will giveus a eact ofp ., of €
~ e ave 9 =eks( [ 6-J i1e25)inallfor i
* If boththeal re [l n e tisii arlier then i
iest.
— 62 GeV Cu-Cu run 2 weeks (exception: Cu- in the ring! Did
it!)

_ 62 GeV p p run 2-3 weeks at (expecting: 0.3 pb-'/week)

Abhay .Deshpande(@ StonyB rook.Edu
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ST NI o s, S T

200GeV CuCu Integ rated Lummosﬁy
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e { iy FOCNS
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sosmemmnns | v BECLLASMUIDLLY 82D
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mm LU

8.6 B BBCLL1 events sampied

1.5 (Fma; - 3/6/05) 1.08 B events recorded
. ] l
, 3.06 nb*! live BBCLL1 (0=2.91 b)
(2.83 nb" with MulD North/Scuth)
05 ....................................
0 11 PR TR TN TR N N W i
0 30 40 50
Days Since January 18

Abhay.Deshpande@StonyBrook.Edu
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)

_ Within PHENP<

First physics priority is A, (n%) (pT range 1-7 GeV/c)
~(3luon polarization in pT range 1-5 GeV/c
- Sign of gluon polarization, requires large range acceptance
AL ()
~ Sign of gluon distribution based on the relative sizes of A |
Trans\erse running? |
Rotator commissioning
* 0.2 pbper fill (30 min) in the initial phase of ryo
» Developing special triggers for this
— Physics? .
= |f there is time for exploration
= Ay for charged and neutral © central rapdity
= Depending on how p and L devel ips

— Betore the Physics Running a few shifts |
— Towards the end of the longitudinal run if enough luminosity has beer

Abhay. Deshpande@StonyBrook.=du
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RSC mesling
BNL, 03/11/2005

Hal Spinka



o 3+11 weeks (3 weeks setup/ramp-up and 11 weeks polarized pp collisions)

@ Long polarized pp run is crucial to make significant progress on the RHIC performance
o Physics goals:
Primary goal: Gluon contribution to the proton spin (7 pb™! recorded at » 40% beam polarization)

s Ay of 50 production to py ~8 GeV/c

m Ay of inclusive jet production to py ~20 GeV/c

[\
=3 Secondary goal: Transverse spin phenomena, provided that 7 pb™! for the anticipated A, measurements can be
achieved: Collect 4 pb™ of transverse pp data at > 40% beam polarization
2 Measurements of transverse spin dependence of di-jet back-to-back correlations to the gluon Sivers
functions
g Analyzing power of forward n° production with the FPD besides BEMC/EEMC
o Strongly endorse:
o Commissioning work for the cold snake bsahmd RHIC stores initially (ﬁuwa'«'ss of commissioning is not considered
eritical for the FYO05 run)
« Other critical tasks: (Tmportant for the long-term spin program)
w  Studies in preparation for sqri(s) = 500 GeV operation
m o Spin flipper commissioning
RSC meeting Hal Spinka

BNL., 03/11/2005



B Comments Herdware Status:

0 Barrel EMC - All modules installed, 172 with complete electronics plus 1/4 with only fower electronics
present for the spin run. Commissioning of new electronics proceeding well,

0 Endcap EMC - All hardware and elecironics installed. Commissioning of new electronics complete,
o Forward Pion Detector - ready to go

0 Beam - Beam Counters - ready to go

3 o
= o TPC, FTPC, .. - okay
o Triggers:
migh tower triggers from both calorimeters
» Jet patch triggers Trom both calorimeters
« FPD total energy friggers
< Min Bias, various test and monitering triggers,
RSC meeting Hal

BNL, 03/11/2005
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