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Preface to the Series

The RIKEN BNL Research Center was established this April at Brookhaven National Labo-
ratory. It is funded by the “Rikagaku Kenkysho” (Institute of Physical and Chemical Research)
of Japan. The Center is dedicated to the study of strong interactions, including hard QCD/spin
physics, lattice QCD and RHIC physics through nurturing of a new generation of young physicists.

For the first year, the Center will have only a Theory Group, with an Experimental Group to
be structured later. The Theory Group will consist of about 12-15 Postdocs and Fellows, and plans
to have an active Visiting Scientist program. A 0.6 teraflop parallel processor will be completed at
the Center by the end of this year. In addition, the Center organizes workshops centered on specific
problems in strong interactions.

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 a proceedings, which can therefore be available
within a short time.

Thanks to Brookhaven National Laboratory and to the U.S. Department of Energy for providing
the facilities essential for the completion of this work.

T.D. Lee
July 4, 1997

This manuscript has been authored under contract number DE-AC02-98CH10886 with the U.S. Depart-
ment of Energy. Accordingly, the U.S. Government retains a non-exclusive, royalty-free license to publish or
reproduce the published form of this contribution, or allow others to do so, for C.S. Government purposes.
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Introduction

Welcome! This RHIC Spin Workshop is the 1999 “annual”
meeting of the RHIC Spin Collaboration, and the second to be hosted
at Brookhaven and sponsored by the RIKEN BNL Research Center.
The previous meetings were at Brookhaven (1998), Marseille (1996),
MIT in 1995, Argonne 1994, Tuscon in 1991, and the Polarized
Collider Workshop at Penn State in 1990. As noted last year, the
Center provides a home for combined work on spin by theorists,
experimenters, and accelerator physicists. This proceedings, as last
year, is a compilation of 1 page summaries and 5 selected
transparencies for each speaker. It is designed to be available soon
after the workshop is completed. Speakers are welcome to include
web or other references for additional material.

The RHIC spin program and RHIC are rapidly becoming reality.
RHIC has completed its first commissioning run, as described here by
Steve Peggs. The first Siberian Snake for spin has been completed
and is being installed in RHIC. A new polarized source from KEK and
Triumf with over 1 milliampere of polarized H' is being installed,
described by Anatoli Zelenski. We have had a successful test of a
new polarimeter for RHIC, described by Kazu Kurita and Haixin
Huang. Spin commissioning is expected next spring (2000), and the
first physics run for spin is anticipated for spring 2001.

The purpose of the workshop is to get everyone together about
once per year and discuss goals of the spin program, progress,
problems, and new ideas. We also have many separate regular
forums on spin. There are spin discussion sessions every Tuesday,
now organized by Naohito Saito and Werner Vogelsang. The spin
discussion schedule and copies of presentations are posted on
http://riksgO1.rhic.bnl.gov/rsc. Speakers and other spinners are
encouraged to come to BNL and to lead a discussion on your favorite
idea. We also have regular polarimeter and snake meetings on
alternate Thursdays, led by Bill McGahern, the lead engineer for the
accelerator spin effort (Thomas Roser is the spokesperson). Waldo
Mackay, the Project Manager for spin, leads a weekly accelerator
meeting on spin issues on Wednesdays. Finally, Phenix, STAR, and
the pp2pp Collaboration have regular collaboration meetings
including spin, and spin working groups.




Our agenda is organized around the physics topics:
Opening session—RHIC and detector progress and plans
Gluon polarization
Quark polarization
Transverse spin
Accelerator session
Future spin possibilities at RHIC
Polarimetry for RHIC.

The Organizing Committee for this meeting was Les Bland, Bob
Jaffe, Yousef Makdisi, Thomas Roser, Naohito Saito, Mike
Tannenbaum, Aki Yokosawa, Jacques Soffer (cochair) and Gerry
Bunce (cochair). The secretary for the meeting was Fern Simes, and
we would like to thank Fern for an excellent, smooth operation! We
also thank the RIKEN BNL Research Center for its support, and
Brookhaven National Laboratory and the U.S. Department of Energy
for providing facilities. DOE and NSF support for RHIC and also

RHIC spin, and the support of RIKEN for the spin components and
the Center have made the upcoming spin physics at RHIC a reality.

Gerry Bunce




WELCOMING ADDRESS

T.D. LEE

RIKEN BNL Research Center




October 6, 1999

This is an important and auspicious week at
Brookhaven: first the RHIC dedication and now the
RBRC Workshop on RHIC Spin. I am very happy to
welcome all of you.

It may be appropriate for me to relate to you what
George Uhlenbeck told me, some forty years ago, in
the fifties, about the discovery of the electron spin.
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RHIC SPIN PLANS

D.IL.LOWENSTEIN
BROOKHAVEN NATIONAL LABORATORY

PRESENTED
TO
RHIC SPIN WORKSHOP
OCTOBER 6, 1999
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SPIN PHYSICS IS AN INTEGRAL PART OF THE RHIC PHYSICS PROGRAM

MACKAY, PEGGS AND ZELENSKI HAVE THE DETAILS OF CONSTRUCTION AND
COMMISSIONING

PHYSICS OPERATIONS WILL START AS SOON AS THE MACHINE IS READY AND
THE EXPERIMENTS ARE READY

THE SCHEDULING OF THE SPIN PROGRAM WILL BE DRIVEN BY THE
EXPERIMENT REQUESTS TO TOM KIRK

A BALANCE WILL BE STRUCK BETWEEN IONS & PT

THE CHALLENGE TO THE SPIN COMMUNITY

WHAT SHOULD WE BE FOCUSING UPON NEXT?

AN ELECTRON RING IS BEING CONSIDERED FOR THE ION PROGRAM
IS THERE A “MUST DO” CASE FOR THE PHYSICS?
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Talk: Introduction and Status of Polarized Protons at RHIC
Speaker: Waldo MacKay, BNL waldo@bnl.gov

Abstract:

In order to collide polarized protons, the RHIC project will have two snakes in each ring
and four rotators around each of two interaction regions. Two snakes on opposite sides of
each ring can minimize depolarization during acceleration by keeping the spin tune at a
half. Since the spin quantization axis is normally along the vertical direction in a flat ring,
spin rotators must be used around an interaction point to have longitudinal polarization in
a collider experiment. Each snake or rotator will be composed of four helical dipoles to
provide the required rotation of spin with minimal transverse orbit excursions in a com-
pact length of 10m. The basic helical dipole is a superconducting magnet producing a
transverse dipole field which is twisted about the magnet axis through 360° in a length of
2.4m.

Particular slides:

1. Spin Resonances and Siberian Snakes

2. Layout of rotators and snakes in RHIC

3. Solution of magnetic field in cylindrical coordinates
4. Field measurements of a helical dipole.

5. Summary and Comments.

For more information see: http://www.rhichome.bnl.gov/RHIC/Spin

11
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Spin Resonances and Siberian Snakes
Spin Tune vy, : Number of 360° Spin Rotations per Turn

Depolarizing Resonance Condition:

Number of Spin Rotations per Turn
= Number of Spin Kicks per Turn

Only Vertical Field
N y
GY=1.79) Gy = Vg = n Imperfection
Y = E/m Gy = vg = nx vy Inimnsic
Local Spin Rotators (Siberian Snakes)
180° Gy

(cos(180°vsp ) = cos(8/2)  cos(180°Gy))

® §# 0° - vy#.n = NoImperfection Resonances...

Partial Siberian Snake (AGS)

o §=180° — Vep = V2 = No Imperfection and

No¢ Intrinsic Resonances...
Full Sibertan Snake
Two Siberian Snakes (RHIC)

® v, =2, Stable Vertical Polarization

12




Polarimeters

Blue Ring

Yeilow Ring

Ry .
R. Sherian
Ry Snakes

o RHIC ®

Siberian  A-
Snakes R+
R.

?~"x 7
\’Q\"
\,X
PHENIX
L .
a- Spin Rotators
L—
R
{}
STAR
4+ ----
LRLR RLRL
Rotators = Hor field (at ends), + = radially “out,” - = radially “in”
Snakes = Ver field (at emnds), + = "up.,” ~ = “down”
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The Helical Dipole Field

Laplace’s Equation (cylindrical coordinates) for the scalar potential:
0%® 169 1 62<I> 62<I>
ot
2 ror  r? 6¢2
Separation of variables, ® = R(r)Q(¢)Z (z), gives

@+l@—(k2+§)R = 0,

== =0.

dr?  rdr
2Q _
d¢2+V2Q = 0,
&2z
F-’-kzZ = 0.

Note:
o Repeat period of helical field: A = 27 /|k]
e v = 1 since central dipole field repeats after ¢ = 27
e Assume By points vertically upward at z =0
e B=_-V& gives...

B, = 2B[L(kr) — II—I(CI;_Q](coskzsinqﬁ—sinkzcos@
Il(k )

By = 2B (coskz cos ¢ + sin kzsin @)
B, = —2B0I 1 (kr) (coskzcos ¢ + sinkzsin ¢)

Look at B, = B,cos¢ — Bysing, B, = B,sin¢ + Bycos¢d and
expand these fields near the longitudinal axis (z, y small); then,

K? k?
B, ~ —By {[1 + —8-(3:1:2 + y®)]sinkz — Ty cos k,z}
k? k?
By, ~ By {[1 + —é-(:z:2 + 3y%)] coskz — Zzysin kz}

2
B, = —Bk {1 + %(mz +y2)} [z coskz + ysin kz]

14




Magnetic Field [T]
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Summary and Comments

Snakes & rotators can be built from helical dipoles
4 helices per snake/rotator
desired field strength (4T)
acceptable field quality
integrated B 1s small (full 360° twist of helix)
short enough to fit in RHIC (2.4m / helix)

Cold test of each helix

Cold mass of first snake is completed
cryostat 1s being assembled.

Plan to install the first snake before Dec. 1999
second snake ~Mar. 2000.
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Long-Term Overview of STAR Spin Program
Cnmnny el

= full BEMC + full EEMC + "enhanced” L 5F

S. Vigdor

EXPERIMENT SIMUL’N STATUS

Probes of Baryon Spin Structure:
1) AG(x) in F direct extraction for 0.01 < Xg <0.3

via D+p — v +jet+X @s=200GeV+500GeV  see talks by
Bland, Balewski

* %k

2) AG(x) sensitivity in A ; for inclusive jet and dijet *
production
PV *
S)Au vs. Ad in p via A, " for p+p—> W+ X—

et +X @s =500 GeV see talk by Ogawa

4) transversity in p via Ay for inclusive Z 0 or jet
producz‘zon or via 3-fold correlations in p +p =
p0+X 5t +1n7 +X

5) sensitivity to AV spin structure via polarized frag-

mentation functions: Dy, for B, p,+p >A+X —
p+n” +X @ hlghp and z

Essential Calibration/Credibility Checks:

6) A o 0 ? for high-p jet, photon production

7) sensitivity to Aq at x5 > 0.2 via ?+ p'— dijet + X just starting
A; | @ mid-rapidity and moderately high Py

Beyond the Standard Model ?
8) A f LV in hard (pT > 50 GeV/c) inclusive jet prod'n

17



P +p —>y+jet+X with STAR + EEMC at
\s =200 GeV (320pb~1) + ~s=500GeV (800pb~)

30000 ™ . . : .
\/ ¢ = 500 GeV Recent simulation results, including
25000% 369 Kevents 1  proper DGLAP evolut/on + several
] different AG(x,Q ) models, show that
20000t s =200 Gevl BEMC +EEMC +200 GeV + 500 GeV
dN f 183K 1 are all essential to cover a sufficient
dx 15000 events Xgfuon range (0.01 - 0.30) to constrain
10000} 1  the extrapolation to X — 0, needed to
soook 1 determine AG = I ,AG(X) dx toa
: precision = * 0.5.
0 ! -2 l -1
10 10
Reconstructed x eluon
§ 0.8 — —— 0.8 — | >
L 1 - 1 X = 1 X =2.32
3 o ; GS-A | n= 163+ 0.62| 09 i |y = 0212 0.07
L : + ' i L1 , a=0.58+ 0.31 1 | a=1.52+0.76
S o4l ‘ i 0.4-% p=2.8920.57| g2l | [p="5.11x 0.06
S - 1 [ ' i :
5 ak =1 2,4 1 el , -
2 ,,-znuf;% 1, G ¥ .
Ta=0.37 = e YT A R e - :
§  Hleseeenl 4 ] 658 ! jegh 65¢
0.01 0.1 0.01 4 0.1 % 0.1
Reconstructed x eluon
Gehrmann & Stirlin
1.2 T g There are small systematic
1L xAG(x,4 GeV?), errors 'that arise f(om s{mp/ifying
0.8 | ((‘j? — assumptions made in a direct recon-
0.6 (Cg - struction of AG from the measured
0.4 |¥G®) . asymmetr/es These errors depend
0.2 on AG(x,Q ) but can be corrected in
’0 L2 an iterative analysis with the aid of
ozl T == simulations. Analysis of STAR’s
- al T | YIT . I3 . . . .
0.001 0.0 0.1 1 coincidence data with varying kinematic

cuts is important to test the simulations.




Sensitivity of Inclusive Jet Asymwmetries to AG(x) for
RHIC Year 2 (2000-01) B+ P Running at STAR

p+D— jet+X, Ns=200GeV, [ cdt =1 pb’

O‘ZEIIIF]'IIIIIIIII]III E 0.2 ElllllllllllllllllllE
= GS--setA = = GS-—-setB E
0.15 ¢ 5 0.15 ¢ E
Ta. 3 1B 3 E
+ = E = E
o 01 1+ 1 01t ;
h 3 = 3 E
R SER AR L I SN
~l 3 E 2‘_—I—+ E
T 0 s T e -
ET-I | I | lLI [ I ) I . . | l | S| l—'g - E_l | I | [ 1 1 1 1 I | W S . | l | I | I—g
00557015 20 25 0050 s 20 25
Measured Jet p . (GeV/c)
0.2 EI LS I LI I T T 1T 1 | T 10 IE . .
= GS - set C 3 Simulation assumes:
0.15 F 3
Ta. E 3 » Year 2 STAR Geometry
+ 0.1 = E = 42 BEMC modules in west end
™ T E E O<b0<44; 0<n<1
| - - =
o) = 3
o' 0.05 = —+ |3 e Jet Trigger from BEMC
-~ - —+- E = > E+ > 5 GeV over at Jeast
< (e e R R SRS S T )
3 E one BEMC patch of size
_O 05 él RN TS AN S BT A [ ERERE -:-: (An=1 )X (A¢=0'84)
TS5 10 15 20 25

¢ Include only jets that are = fully
contained within BEMC
= (0'35<njet < 0.65) x
(0.35 < q)jet < 4.05)

Measured Jet p (Ge V/c)

The PYTHIA-generated event sample that passes the trigger
comprises: =~ 60% q+g scattering, =~ 25% q+q scattering,
~ 15% g+g scattering
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Can STAR Dijet Sample be Filtered to Yield Sensitivity to Aq(x) ?

_)
GOAL: 1) Essential contact with DIS results as credibility check on RHIC
Spin program (earlier and at much higher rate than W* prod’n )]

2) If rate sufficient, could provide in situ relative polarimeter for
product of longitudinal beam polarizations at the detector
and with normal trigger !

FOCUS: g+ q scattering near 6* ~ /2 (= é\LL"‘ 0.4) and with
X(dy) =x(a5) 202 (> Aq/q >0.3) = A (F-P)~0.04

NEED: dijet events with p; > 20 GeV/c @ 's = 200 GeV, both near

Mjgt = 0

EXPLORING Methods to Enhanceq+qoverq+g, g+g:

1) Exploit PDF differences: X;=X,>02 [=f3q=0.25]
2) Exploit g vs. g fragmentation differences via cuts on:

a) jet core -- large 2. E+ in narrow EMC patch [e.g., (An=0.25) x
(A$=0.2) enhances qq by factor = 1.5]

b) leading hadron energy -- z
factor = 2

c¢) charged particle multiplicity in jet -- = 2 x greater for g jets,
according to OPAL and DELPHI 3-jet analyses

leading > 0.3 favors q over g by

QUESTIONS: 1) Can we reach ~ 80% g+q enrichment in sample at
useful rate for polarimetry?

2) How reliable is emerging understanding of q vs. g
fragmentation?

20




Measurement of parity-violating single-spin asymmetries for
p + p > Wt £ X— e* + X in the endcap region allows cleanest
separation of antiquark (Ag/q) from quark (Ag/q) polarizations

«/s 500 GeV; 800,017'7

£ 3 L 3
e, 0.4F —i 0.4F E
g N 3 W_producﬂon 3 L 3
8§ * 1 02y T
s S #_ 3 3 -3
oF—t———————- 3 0F————————=——=7—1
« S 98% ; E ~+ . + 3
8° oaf 4+, awdd b W producton
~~— -0.2 E— + + -0.2 E— < E
> = iy -f= - 75% 3
L 4 T o4b 3/q 1
< g [N TN T N U0 TR00 S A S N N O B ) E T T R | .A.d ) 3
-1.0 0 1.0 2.0 -1.0 0o 10 2.0
n (€7) n (€7)
ET o T T T E T T T T T T
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W™ both produced L-handed =

e ~ emitted preferentially along W  momentum
e’ emitted preferentially opposite W™ momentum

= W case gives especially clean quark-antiquark separation
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Possibie Timeline for STAR Spin Program

RHIC Assumed
Ops. Equipm’t

Year Status Physics + Technical Focus
1 Only unpol'd p + p; Calibrate baseline detector + several
4-6 BEMC modules installed BEMC modules.
2 ~1pbT P+p@vNs= A inhard collisions — 07

200 GeV; ~ 1/3 BEMC; Develop RHIC polarimetry & BEMC calib’'n;
spin rotators @ STAR?  First glimpse of A | for inclusive jet = AG(X)

sensitivity.
3 ~30pb 1y P+ p @ Vs = A for dijet prod’n = sensitivity to AG, Aq;
200 GeV; ~2/3 BEMC; First useful stat. sample of vy, v + jet prod’n;
all rotators installed  ,;, Develop TPC pileup reject algorithms.

4 -~200pbip+p@ns Full program @ 200 GeV + EEMC calib’n;
= 200 GeV + ~ 200 pb1 First data @ 500 GeV to test rate capability

@ 500 GeV; ~ full BEMC + pileup rejection + W production bkgds.
+ 1/2 EEMC; full Level 3

“filtering"

5 >200 pb1@ Vs=200 GeV Complete ALOL (y + jet) for AG(x) @ 200 GeV;
> 300 pb-1 @ Vs=500 GeV Z0), APV (plet > 50 GeV/c) @
full BEMC + EEMC 500 GeV.
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The STAR Spin Program, Status

Geary Eppley, for the STAR Collaboration
October 6, 1999

The STAR experiment at RHIC is a ‘47 * general-purpose detector capable of carrying out a broad
experimental program during both heavy ion and polarized proton operation. The principal components of
STAR that are important for spin are the time projection chamber (TPC), the electromagnetic calorimeters,
and the trigger. STAR identifies electrons, photons, and jets. STAR cannot identify muons and does not
measure missing £ . The components of the STAR detector sit in a 0.5 Tesla solenoidal magnetic field.

The magnetic field has been mapped to a precision of 1-2 Gauss.

Magnet Time
Projection
Coils Chamber
Silicon
TPC Vertex
Tracker
Endcap & : ;
MWPC 2 5 <«——FTPCs
ZCal - ZCal
Endcap \ Vertex
Calorimeter Position
i Detectors
Barrel EM Central
Calorimeter Trigger
Barrel or
TOF
RICH
TPC

Charge deposited in the TPC drifts from the center z = O towards the endplane of the cylinder in each half
of the TPC. Tracks out to |77 I= 1 cross all 45 pad rows and there is acceptable p, resolution tol7) I~ 1.5.
The maximum drift time in the TPC is 40 /S and this will generate pileup in the TPC. At the highest

luminosity pp running, the mean number of inelastic collisions per crossing is about 1. Since the time
between beam crossings is 107 ns, the data read out from the TPC will be approximately the size of a
central AuAu event. The out-of-time pileup tracks will need to be ignored to perform analysis on these
events and will also need to be purged to reduce the event size so that data may be captured at the rate of
15-20 Hz needed for the spin program.
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The TPC is read out by a switched capacitor array. The potential total data volume is 137k pads times a
maximum of 512 time slices. This readout takes 10 ms hence there is 1% dead time for each event read out
of the TPC. Since the STAR spin program requires a large integrated luminosity, efficient triggering prior
to TPC readout is required to minimize dead time.

Barrel EMC

The barrel EMC covers 27 in ¢ andl7] K< 1. The 4800 towers are 0.05, 0.05 (A77, A@) . The lead-
scintillator calorimeter contains 21 layers and is 18 radiation lengths in depth. There is also a 36k channel
gaseous strip shower maximum detector to separate electrons from hadrons and gammas from 77 %5 . The
EMC response is supplied to the first level trigger (Level 0) as 300 logical trigger towers 0.2, 0.2
(An,A@) . The response of the highest tower in each trigger tower is also supplied to provide an efficient
electron, photon trigger. Four of 120 total barrel EMC modules have been installed on the detector and

production is continuing. A final DOE review is scheduled for spring 2000. See:
www.star.bnl. gov/STAR/html/eme l/emc.html.

Endcap EMC

The endcap EMC covers 272 in ¢ and1.07 <77 < 2.0. The tower size is 0.05, 0.1 (A77, A@) at low
7 and 0.1, 0.1 at high7] . It is a 24 layer lead-scintillator calorimeter 21 radiation lengths in depth. It
includes a 7200 channel scintillating strip shower maximum detector for superior electron-hadron and

gamma- 7 0 separation. It has a more aggressive design than the barrel shower max to handle the increased
energies encountered in the endcap. The endcap EMC was recently approved as an NSF project. There is a
test beam run for a prototype module at SLAC in October 1999. An engineering review is planned in early
2000. See: www.iucf.indiana.eduw/Experiments/STAR/www_bnl/outline.html and
www.iucf.indiana.edw/Experiments/STAR/www_publications/cdr.ps.gz

Trigger

The fast detectors that are able to provide information to the early trigger levels are the central trigger
barrel (CTB) -- 240 scintillating slats covering 277 in ¢ and|7] k< 1, the multi-wire proportional chamber
(MWC) -- the endcaps of the TPC 1 <17} K 2 providing a trigger readout of four 77 divisions for each
TPC sector, and the barrel and endcap EMCs. The Level 0 decision time is 1.5 45 and Level O receives
input from the CTB, MWC, and the EMC trigger towers. The expected trigger rate for spin running is ~100
Hz. The Level 1 decision time is 100 /s and Level 1 receives input from Level 0. Level 2 receives
information from Level 1 and more detailed information from the calorimeters. The expected output trigger
rate in spin running is 15-20 Hz.

The Level 3 trigger operates after the full TPC read out is available. It can handle an event rate up to 50 Hz.
The principal use for Level 3 in spin running is to remove pileup in the TPC. This will allow data capture
of pp events up to 50 Hz. The likely desirable data capture rate for spin is 15-20 Hz.

Engineering Run

The STAR detector underwent a 3-month engineering run in the beam line May 17 — August 17, 1999. The
components available for commissioning included the TPC, CTB, DAQ (75%), zero degree calorimeters
(ZDC), and the slow controls system. Tens of thousands of cosmic ray events with full, half, and no
magnetic filed were recorded. A few hundred beam-something events were also recorded. All detector
components performed well in the test.
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Beam-something event, TPC pad view. Run 3002 july 27, 1999.

Year 1

The year 1 run begins December 1999. In addition 1o the components available this summer, STAR will
include a Level O trigger, online monitor and control system, Level 3 trigger (partial), MWC, full DAQ,
and 4 barrel EMC modules.

Years 2-5

Year 2 will see the addition of the silicon drift vertex detector (SVT), forward TPCs, Level 1 and 2
triggers, additional Level 3 capacity. and ~30 barrel EMC modules. Construction of the barrel EMC will be
ongoing and it should be fully complete by year 5 (2003). The first half of the endcap EMC is expected in
year 4 with completion in year 5.

The STAR detector is nearly ready for the initial spin physics program now and will be ready to record the
first polarized pp collisions beginning in year 2.

o
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Progress of PHENIX Spin Program

Naohito Saito

The institute of Physical and Chemical Research (RIKEN)
Wako, Saitama, 351-0198, Japan
and
RIKEN BNL Research Center
Brookhaven National Laboratory
Upton, NY 11973

Abstract

The PHENIX detector system is going to be completed soon: base-line detector including
electromagnetic calorimeter will be rolled in February, 2000 to be ready for the physics run
from April. The Muon Arms are under construction to be in time for the 2™ year of
operation. In addition to detector construction, we, the PHENIX spin physics working
group are working on the various issues, namely measurements of Ag(x), flavor
decomposition of Ag(x), and transversity distribution A,g(x). The sensitivity of PHENIX
measurements to these distributions is updated.
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Progress of PHENIX Spin Program

RHIC Spin Collaboration meeting,
October 6-8, 1999

Outline:

) PHENIX Spin Program
- PHENIX Status
Measurements

, Ag(x), Ag(x), Arg(x)

N . . Summary
"/  Naohito Saito
RIKEN / RIKEN BNL Research Center

PHENIX Spin Program

e Spin Structure of the Nucleon

—Ag(x) : Gluon polarization via y,m0,heavy quark
productions

—Agq(x) : Anti-quark polarization via Drell-Yan (W, Z, y*)
—A,q(x),A.g(x) : Quark transversity

* Symmetry Tests

— parity violating effects, e.g. compositeness

QCD Selection Rule

— switch off gluon; a;/a;; <<1

Single Transverse Spin Asymmetry A,

— large at lower Energy; higher-twist? ; kr asymmetry?
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PHENIX Spin PWG

physics issues
* Measurements of Ag(x)
— prompt photon production -> EMcal
— inclusive 0 production -> EMcal
— heavy flavor production -> Muon+EMcal
— Quarkonium production ->Muon+EMcal
* Measurements of Ag(x)
— Dreall-Yan/W/Z production ->Muon+EMcal

* Measurements of Ag{x)

— Drell-Yan?
— two pions?

PHENIX Spin PWG

experimental iseues

* Muon
— offline software

— simulations
¢ Quick MC

e EMcal
— offline software
- HEBT
— Trigger
— Simulations
e Fast MC

* Luminosity/Polarimetry
— opin specific online issues

= bunch-by-bunch luminosity and
polarization monitoring
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PHENIX Year-1 Status

e After roll-in of East Arm:
— Global:
» MVD/BB/ZDC
— East Arm

* All subsystem mounted
¢ >50% read out

— West Arm
* EMCal /RICH/DC/PC1
* ~25% read out

— Spin Specific Devices
* EMcal-Levell Trigger St 2
* Bunch-by-bunch scaler for lummosrby monitor

* South Muon Arm will be ready for year-2, North for
year-3 to be ready for 500 GeV!

Prompt Photon A;; and AG

Yuji Goto and Alexander Bazilevsky

¢ Model N )
035 [ fldt=374pb
Calculationwith 5 | 1oweler-asiomseer=y
PYTHIA and o5 :_ Alsqﬁer;r;:;sw
BS/G595 =t
@200 Gev
e BS AG>2 o1 b . o5
: | e
» GSA AG=1.71 005 E .
- /M:W
e G5B AG=1.63 N Sl i o
e GSC AG=1.02 —095;- e

p7 (Gev/c)
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Inclusive ¥ Production

* Mixbture of gg, gq, and qq scattering
~ gg dominates at low-p;, gg dominates at mid-p,
—>sensitive to gluon polarization

Y
% s Model Predictions on A g
%, o AG AG oael rreai IL ,Ej)“;g
€ G 6 Awp T
g oo E vas: _ - ]
88 88 012 [ Sdt=3zos - GSQSAAG~1.71_:
%, = 10weeks with 10% Lum. GS958 46=1.63
Ag AG o — 6595 46=1.02
o ———~ 0.08 [~ _:
q9 G T
89 — 89 008 |- =
0.04 - —

49 —> 44

Open Heavy Flavor Production

study by Hiroki Sato with L-software team

* Charm and bottom production - ¢
- dominat@d by g Q2 =cord
— can be identified with high- - 0

mass e-lL pairs

e,mu mass(unlike sign pair) l

Yleld per 1 GeV

P | L : 1 1.

1 2 3 4 5 6 7 8

e,mu Mass(GeV)

M,

eu

Nyp—e ,~100k events— SA , (stat.)~ 0.006

Nk—e, ~60k events

GeV

[ A_LL(Mte.mu)} with 65-95 NLO-AB,C |

GS-A

6

e,mu mass{GeV)

eu
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Transversity Measurements

* Double Transverse Spin Asymmetry
-

_&'*——«__x.-
— :

Versus A :A . ®A .
- / T r9;(x) 1q;(x) ®ar;

\

\

\‘i

* Transverse Spin Transfer Asymmetry

——‘-:-——-— 2= lf
T AL = A (@84, ()@
- Need “quark spin analyzer”

Double Transverse 5pm Asymmetry

o Jet Production

— asymmetry is small

* only exchange & annihilation
channels have non-zero
asymmetry

* gluon does not contribute

cxchange channel direct channcl
Ar/A; =0 unless Ag(x)=0
(QCD selection rule: Jaffe-NS O.Martin et al. PRD57(98)2084 ¢ , F — :
PLB362(96)165) PHENIX 200 ch 320pb™ p-Arm '“o‘,s.__ eS|
* Drell-Yan Production of 5

40

Lepton Pairs :PHENIX L ->  _.
— largest partonic asymmetry 3 ;

— concerns = s
* rates ‘o
* other processes to 00 i
contribute to dimuon CC R T s
channels = open heavy flavor cos®
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Transverse Spin Transfer Asymmetry
Afr < Arg®af ®Ar§
*Reasonably Large partonic e Quark Spin Analyzer Candidates |
asymmetry => Only need *two pion@p-c intqgf:erence region

uark spin analyzer .. .
q P yz 2o.25 2=0.0
-‘bgﬁ 1 ‘ g 0.20 f 1
075F g -
3 Cor—a 045 [ 200GeV - 1
05 < //
[ 0.10 | ) 4
025¢ ’
: vos b %
0 = ’
o2sf B 'f"/ g 000 ™76 20 50 B0 100120
F 9 >
05 _ c 9% e ijet(GeV)
ot R.L Jaffe, Xuemin Jin, Jian Tang hep-ph/9807560
o SR * Quark Spin Analyzer Candidates ||
08 04 0 0.4 [i33 R
cos® *hint from HERMES ¢ asymmetry

*Matthias Grosse-Perdekamp’s work in progress

Summary

* PHENIX is getting ready for Spin Physics
from year-2 including core subsystems for
Spin Physics
— year-2/5 : constraints on Ag(x) is high priority
— spin-flavor structure studies with W
— transversity studies |

e Still a lot to dol
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A.Penzo

(For the PP2PP Collaboration)

Among the approved experiments at RHIC, PP2PP (R7) is
aiming to measure pp elastic scattering in a new energy range
(50 <V s <500 GeV), overlapping with the highest ISR energies
and extending well into the pp colliders' region.

PP2PP is planning to run in year 2001:

* initially the [tl-range [0.006 < It} <1.5 (GeV/c)2] can
be measured with standard beam tune (* = 10 m and
£=20 n);

* a special beam tune (* = 195 m and ¢ =5 x) will give
coverage of the range [0.0004 < 1t] <0.12 (GeV/c)?] in
the CNI region.

A jet target, integrated with the PP2PP setup, will match
the same kinematical regions with recoil detectors and cover the
energy range (6.5 < Vs < 22.5 GeV). The combination of forward
and recoil detectors will provide full selection of elastic events.

In this configuration, PP2PP will be able to measure the
absolute polarization of the RHIC proton beams to 5% accuracy,
thus contributing to the precision of all RHIC spin experiments.

Ways of extending the |t|- range to higher values [up to
It] = 5 - 10 (GeV/c )2] have been studied, and are in principle
feasible, both in collider and fixed- target modes.

The PP2PP main goal is to extensively map the diffractive
regime of the strong interaction over an unprecedented wide
range of vs and |tl, in order to probe the emerging features of
the Pomeron, in terms of QCD concepts, and to explore its spin
dependence.
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Roman pot location is determined by parallel to point focusing.

On-board
Electronics

Roman Pot Detectors
(Silicon)

———fg”'..._.."_—'

IN

2=

To Readout
and DAQ

RHIC Intersection Region with PP2PP Basic CB Setup

px X

RP3’ Sp= RPP RP1 RP3

J
Il

12
"

=
e
B
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S
=
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PP2PP Readout and Power Scheme

(For One Roman Pot)
Silicon strip detectors are our choice. They will provide: rr———
«gscg]  Interface Regiurlate Power
e uniformity of efficiency ~ 0.1% not to dominate errors v Board\

COODPOTOToID
PI2IET LS

o small dead area between the sensitive part of the detector Controlle

on Otot and p; Ej
Bit3 N T

and the beam 0.5mm L4
DO Sequencer/Memory Board
G e many detector layers with high efficiency;
¢ small cell size to limit occupancy per readout channel; Differential
: Twisted Pair [
e in the CNI region good detector resolution is needed:
P T Eight Roman Pots
& << 107 GeV* (bins) = & =~ 0.1mm ! g /\
e in the dip region detector resolution set by momentum ! \;\‘D U X O
reconstruction (8p/p ~ 1%) and vertex size (y* ~ Imm): SVX-IIE : OO 00
Readout chips ! \
. - Ry iR Nl g ! I t t- R H
0y = 0.2mm X-view Detector Board craction egion

Y-view Detector Board



9¢

~0.001

Coulomb Region

Coulomb — Nuclear Interference

Diffraction

Structure Region

Large lfl 2 5 GeV?

~0.8

— P s

t2

do

~—-—~e

dt

Bt

Itt (GeVi/c)
|
— Normalization (£)
> Small ¢
- “p” Value J
.
— Otot
r Medium ¢
— Peaks & Bumps
J
— Pert. QCD Large ¢

There are three regimes in elastic scattering:

I. Coulomb Scattering, small ¢ — protons are point-like

*—> «—o

q=-+e q=-+e

— proton has a size and

II. Diffraction, medium £
“some’ structure

Increasing Energy

III. QCD Regime, large ¢ — quarks, point-like
constituents of protons scatter by exchanging gluons - -

P P p P
p-QCD
p p p p .

In order to explain the observed features of pp elastic
scattering, in addition to Reggeon exchange, an exchange -
of the Pomeron (gg), a double Pomeron and a Odderon
(ggg) exchange is needed to explain the structure of elastic

cross section, do/dt




Polarized beams

With transversely polarized protons and measuring of AGit, An, Analyzing Power of pp Elastic Scattering
Ann we will determine. - C : 0.25 — e
E=Triemédit et, al PR, 59, 114010 (1999 - ' A 1 o 24-286Gev/c _
. N 0.207 w 150-200 Gev/c [ -
. . the difference of O¢gt as function of pure initial transverse spin: 0.15
0.101
AO-rot = Oy (TJ')_atot (TT) : 0.05
; N 0'00..4-.-
. the analyzing power, AN: 0.054
A B 1 NT"Nl 0.10'.
"~ Pcosg Ny +N, o1e
0.20 N
« and the double-spin correlation parameter, ANN: -0.25o L P
5 6
2
— — Itl (GeV/
@ U Ny +Ny =Ny —Ny, t (Gevre)
NN = 2
BPcos"d Nyy+ N + Ny +N i,
0.2
(P; is beam polarization, ¢ is scattering azimuth) ,
] Itl > 2.0 (GeV/c)
q 3 \
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Spin-off of PP2PP program: RHIC polarimetry

* RHIC beam energies: new domain for polarimetry;

* No reaction in this energy range has been measured
(or calculated) with accuracy better than 5% ;

* Only useful guideline E-704 at FNAL:
- 200 GeV polarized proton beam from A° decay; (d AT 0.641% 0'0'3)
- CNIpp — pp, pA — pn°A, pp —> wX;

* New approach: self - calibrating polarimeter

Possible in pp — pp with jet target (polarized/ unpolarized):
AN (pt p— pp) = AN (ppf — pp) = PR (pp = pp1)
(T-invariance + Pauli principle)
Existing data (25 - 300 GeV/c) and models suggest 3 |t!- regions:

a - CNI[10-3< |t1< 102(GeV/0)2]: AN = +5%, very large do/dt;
b - small-1tl [0.1 < {ti< 0.4 (GeV/0)2]: AN = +3%, large do/dt;
C ~ medium-1t1 [0.8 < 111< 1.2 (GeV/c)2]: AN = -10%, small do/dt

1090

1 pp -> pp A 24-28 GeV/c
1071 O 45GeV/c

m 100-200 GeV/c
QFg” N3 e pp>7X

2
A G [mbfGe‘v’z]
S

N
-t
<
wn
|

FM =
S

.001 .01 1 1 10




Day one PP2PP Setup with Jet Target and Recoil Detectors

More than one ppegm at RHIC, 100 GeV/c and 250 GeV/c proton beams,
will allow us to take data at two Vs points.

At luminosity 4x10° cm sec ", 200 hrs data on tape to acquire 1000

evts/0.02 GeV /e bin will be needed.
Jet Target & DX DO
Recoil Detector [¢f
(é - RP2
RP1 I—@-
DO
i i } —/74 i
0 10 20 30 40 50m

I Jet Target and Recoil Detector I

90°

- §doscope

i
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Status and Plans

Our goal is to be ready for running in spring of 2001.

1. Experiment has scientific approval.
2. Since the approval time we have:

e optimized the experiment, involving RHIC accelerator group
~ to find placement for detectors {ngrallel to point focusing;)

e designed of parts that are critical: Roman pots, detectors;
e designed the veto sysiem;

e worked with the European groups to secure a polarized and
unpolarized jet target for pp2pp and RHIC spin program.

In order to meet the our goal the following in FY 1999 through FY
2001 is desired:

1. FY 1999 finish design and prototyping of the Roman pots, Si
strip detectors and of the inelastic detector system.

2. FY 2000 construction and commissioning of detectors, Roman
pots, design jet target interface, work on the interface with
BRAHMS.

3. EY 2001 installation of the experiment at RHIC including jet
target.

More collaborators are welcome!
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Direct photon experimental results and issues ¥
Monique Werlen

The direct photon high-pr data are essential to extract the gluon distribution function G(z, Q?)
whose precise knowledge is mandatory for any gluon polarisation studies.

1 Data versus theory current status

The comparison between full next-to-leading (NLO) calculations and the direct photon
production experimental data is quite puzzling. If both low /s UA6/WA70 and high /s ISR
data are compatible with the theory, the intermediate /s E706 results disagree (slide 1, hep-
ph/9811382). In regions where perturbative calculations are stable vs scale variations, the dis-
agreement is in the relative normalization. Either the /s dependence of the theory is inadequate,
but then the correction to the theory would have a complex pattern, rather small for ISR (high
V'), large for E706 (central /5) and back to small for the UA6/WA70 data (low +/5), or the
experimental results are not compatible. In this context, it is worth noting that, for all exper-
iments, the n° cross sections have a /5 dependence in rough agreement with NLO predictions
(slide 2, hep-ph/9910252) and that UA6 data lead to a precise measurement of o (slide 3, PLB
452,206) in good agreement with the average world value.

2 Soft gluons resummation

E706 restores the compatibility with the theory by invoking an additional kr smearing
effect. Apparently this was motivated by the kr measured in di-photons experiments. This effect
is well reproduced by the theory through the soft gluons resummation (see the photon pair pr
dependence slide 4) as in Drell-Yan processes. But the analogy between single photon and di-
photons processes has no real theoretical foundations for this issue (Catani, Les Houches 99
workshop). Soft gluons resummation effects in direct photon are important at large z7 when
large scales are used (slide 5, hep-ph/9903436 hep-ph/9910252). However they don’t explain the
E706 data on Be, especially at low pr where non perturbative effects may play a role and where
experimental background is high. Although the fragmentation contribution is small in direct
photon measurements (contrary to n%!), the resummation of the fragmentation terms is needed
to have a complete theoretical framework.

3 Experimental systematics
The evaluation of systematic uncertainties is tricky and a detailed study of their estimation
in the E706 high statistics data has not been published yet. So from what one knows, comparing
WAT70, UA6 and E706 (low statistics but for energy scale), one can note that:
— the absolute energy scale precision is good: all experiments have achieved 0.5%-0.6%
— the azimuthal distribution for WA70 has systematic uncertainties between 8% and 16%
for low pr (trigger). Uniformity of calorimeter and good calibration are crucial!
— the background to direct photon candidates (mainly from #°) is large, about 2/3 at low
pr for E706. This is the main part of systematics for WA70 and UAS.
— Symmetry around y = 0 is verified but only within the overall systematic uncertainties.
— the ambiguities from projective calorimeter read-out (x-y for WA70 and UAS, r-¢ for E706)
are raised through a rough third coordinate only in WA70 and UAS.

4 Outlook

A precise direct photon measurement at RHIC will contribute to clarify the current data
vs theory understanding, in particular, by measuring the /s dependence. A more reliable gluon
distribution function will therefore be produced which is necessary for the polarisation physics at
RHIC and for LHC whose initial state, although at a lower x and higher Q? region, is dominated
by gluon-gluon interactions. Better insight will be brought by a cross check between the low-x
gluon from direct photon and from low mass high pr Drell-Yan pairs.

) Full set of transparencies available at http://www-iphe.unil.ch/~mwerlen/
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/ Data/Theory MRS 98-2 scales pr/3
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Arrows: perturbative predictions ”STABLES” vs scale
WAT0, ISR: overestimated

UAG6 : good agreement

E706: underestimated by 50 to 100%

Possible experimental problems?
Or theory misses the /s dependence?

\ M.W., RSC workshop, Oct. 1999, sl.1
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7 phenomenology (hep-ph/9910252)
(Aurenche, Fontannaz, Guillet, Kniehl, M.W.)

4
10 %llll llllllll |llll|llll|llll§
;%% - E7068 ]
103 :—\\%% MRST2
SN
\.
W
(\,x_‘ -
=
o
N 1 L
0 10° —
&
np* B
oL _
g 10Y E N 3
~] - 0 \
5 -t p+Be->m +X <
M -1 L Vs =31.6GeV
E yl<o0.75
o -~ = pg/2
R Pr/3
- ——— PMS \
10—8 llllllllI[llllll!!lllJll]l!\lI-\
4 5 6 7 8 9 10
pr [GeV]

z = Fnro / E Fragmenting parton ~ 0.8
BKK fragmentation (no constraining data for z > 0.8)
In(1.-z) resummation not available
partly approximated with PMS scales
NLL pr/2 < p =M = Mp < pr/3 close to NLL PMS
with scales pr/3 : Data/theory (z7 > 0.3) =~ 1.4 (UAS6),
~ 1.7 (WAT70), = 1.7 (E706/530),~ 1.2 (E706/800)
Data sets compatible.

\ M.W., RSC workshop, Oct. 1999, sl.2 43 J
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T'wo photons at Tevatron:pr(y7y)
e DO preliminary (Wei Chen thesis) pp — v
® pr(71) > 14 GeV  pr(vs) > 13 GeV
e isolation cut: Er < 2 GeV in R = 0.4 cone

e compared to NLO predictions
(partonic generator DIPHOX, Binoth, Guillet, Pilon,
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— resummation needed when pr of the pair tends to zero

K M.W., RSC workshop, Oct. 1999, sl.4 45 /
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E do/d% (pb/GeV?)

104
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100

10—R

10—4

photon

phenomenology

Catani et al., JHEP9903,025 (hep-ph/9903436)
J.Owens, FNAL workshop; Kidonakis, hep-ph/9905480

Soft gluons resummation in direct

Resummation when z7 tends to 1 (large double logs)

Catani, Mangano,Nason JHEP9807,024
Laenen, Oderda, Sterman PLB438,173

Catani, Mangano, Nason, Oleari, Vogelsang
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\ M.W., RSC workshop, Oct. 1999, sl.5
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Main corrections at large zp (decreasing with scale)
does not help data/theory at small 7 for E706

i.e. does not solve the ” k7 problem”

Resummation of fragmentation terms not available
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kr Issues

M.J.Tannenbaum
BNL/PHENIX
October 8, 1999

e kr isrelated to the net transverse momentum of a hard-scattering
jet-pair, or a Drell-Yan pair, or a pair of high p7 photons, or the y--
Jet pair for direct photon production.

o In leading order QCD or the Quark-Parton model, all the above
pairs are coplanar with the incident beam axis: kr = 0.

e However, early Drell-Yan and inclusive high pr particle studies
showed that kr was measurable and non-zero. Systematic measure-
ments were made at the ISR and Fermilab.

e Some experimentalists and theorists may view the issue of kp
differently—Experimentalists: multi-soft gluon, Gaussian;

Theorists: Hard-NLO gluons, power-law.

e The definitive work on k7, actually on the pr distribution of
Drell-Yan pairs was made by G. Altarelli, R. K. Ellis and G. Mar-
tinelli in Phys. Lett. 151B, 457 (1985), based on the ISR measure-
ments. = should be incorporated into event generators.

o The effect of k7 on the Gluon Spin structure function is mainly
that it leads to an uncertainty in the value of Bjorken z of the in-
clusive direct photon measurements. Altarelli’s work can be used to
predict k7 at /s = 200 GeV and shows that z7 = 2pr/+/s estimates
z to within 3-4% in the range of interest.

RHIC Spin WorksHOP, OCTOBER 8, 1999
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Yuji Goto’s Pythia Results

On the following page I show Yuji Goto’s results from Pythia relevant
to knowing the structure function z value for a direct photon of transverse
momentum pr detected in PHENIX at /s = 200 GeV. The naive answer is

z1 = T3 = o1 = pr/(Vs/2) (1)

The reason for the Jacobian peak at 8* = 90° in the constiuent c.m. system
for detection at 8 = 90° in the p — p c.m. system is that in the constituent
c.m. system the momentum of the photon is p* = v/5/2 and the transverse
momentum of the photon (in both systems) is pr = p*sin #*, so that for a
direct photon at pr in PHENIX, the constituent c.m. energy § is

vV =2pr/sing* . (2)

Since the cross section drops steeply as a function of § (think about the mass
dependence in Drell-Yan), while the angular distribution varies only by a
factor of 2-3 as cos@* varies from 0.0 to 0.5 [see QCD subprocess angular
distributions slide] and is actually much flatter for QCD-compton (varies a
factor of 2 from 0.0 to 0.75, see below), the J acobean peak strongly prefers

the minimum § for a given pr.

Inverse QCD compton Ggq-yq
10 —p—r— T r
I B U B

5M(cos0})/2%{c0s03=0)

P B PRI B
-1.0 -0.5 0.0 [:2.3 1.0
coad}

Figure 1: QCD compton subprocess angular distribution. This must be symmetrized unless
you can tell a quark from a gluon
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Yuji’s Pythia Plots

O Yuji’s results show 1) z < z7, 2) there is no Jacobean peak: the
condition z;z2 = §/s = z% is not satisfied in PYTHIA, unless kr = 0,
3) about 1/2 the pr of the photon seems to be due to motion towards the
observer !!!

Parton kinematics

¢ Uncertainies in x estimation

— PY'IH[Aprmtphoton g :r- [ e a4 -:i .:_‘n PR B TR )
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— prvsgluon’sx \. L
N . : .
< * o6 2 U = <@ o as as \
nalxve fmla w2255 i om 2= "800, 1, MBI RO P Fem !\T‘:ﬂ
— X=2pyfsan(s) 2 T e T 7
* evaluation with simulation : "‘:‘/ \ i \ 3
. I PR el oy N 3
R S e
VemdIIot W Am s L AN, W ZURT Mo b 12 SY
P S Ta e e e e
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R .- - cdy BN
_ DEErarTasra s RN T
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. —‘__ o 1 : z . ceeg T
¢ R, CEE S A j:mﬁ
R . —e— : - M .
a NP [T B ST SO .
T T P T PR e Bl

Parton kinematics

* Uncertainty by £, - initial radiation
~ error edimation in the data interpretation
— what can we learn for QCD reaction itself ?

nel T =
default setting & TS
k72=(l-Z)QZ :;:q _&_.nt }f
z - splitting o k=0 ,,;_\ ]
fraction of - \ -z 3
initial radiation :: \ 3 [ \\ 4
‘:TTT“{E“" Y oo .\S‘:)"l
= 2COCS pakan 3, 131 “Caver 2000 prolan 3y 13=1Cavie
gy o
— o4
%)
o
A [
E a2l
3 L
4 [-3]
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Figure 2: see http://www.phenix.bnl.gov/WWW/publish/goto/HardWS/ for better quality
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kr is not a parameter, it can be measured

e In leading order QCD or the Quark-Parton model, the net trans-
verse momentum (pr)pair = v/2 X {kr), of a hard-scattering jet-pair,
or a Drell-Yan pair, or a pair of high pr photons, or the v+ Jet pair’
for direct photon production is zero. All the above pairs should be
coplanar with the incident beam axis.

e However, early Drell-Yan and inclusive high pr particle studies
showed that kr was measurable and non-zero.

O The history of kr is worth reviewing as kr was predicted to be
zero by theorists, but was discovered to be non-zero by experimen-
talists. The CCHK experiment [M. Della Negra, et al., Nucl. Phys.
B127, 1 (1977)] discovered that back-to-back jets had considerable
out of plane transverse momentum poy;, and proposed that this was
due to transverse momentum of partons inside a proton.

O This was elaborated by Feynman, Field and Fox, [Nucl. Phys.
B128, 1, (1997), Phys Rev. D18, 3320 (1978)] who introduced the
k7 phenomenology of a parton in a proton, which they discussed in
terms of ‘intrinsic transverse momentum’ from confinement which
would be constant as a function of z and Q2, and NLO effects due to
hard gluon emission which would vary with z and @2, but they used
an constant ‘effective’ kr to ‘explain’ the available measurements.

O A subsequent ISR experiment, CCOR, showed that kg for jet-
pairs was roughly the same as for Drell-Yan and increased similarly
with /s (and pr) i.e. was not constant. See Fig. 1 in [Apl].

e The definitive theoretical work on a calculation of k7 in QCD,
actually on the pr distribution of Drell-Yan pairs, was made by G.
Altarelli, R. K. Ellis and G. Martinelli in [Phys. Lett. 151B, 457
(1985)], inspired by the ISR measurements.
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Correct k7 for /s =200 GeV

O Altarelli, et al., predicted (in 1985) the value of (pr)pair (Which
they called (gr)) for Drell-Yan pairs, which we have seen is the same
as for di-hadrons. Interestingly, their predictions go to 200 GeV
where the predicted (gr) = o9partons2a = 3.5 + 0.2 GeV/c.

4 1 T

=0.22

“qr> GeV/¢

Vs (Gev)
Figure 6: (gr) vs /s at fixed /7 = 7,7, = 0.22. Data shown are ISR and FNAL Drell-Yan.
The curves are the theoretical predictions obtained using A = 0.1 — 0.2 GeV. No intrinsic
gr is included. At large values of /s, (gr) increases linearly with /5. At smaller values,

deviations from the linear law are visible, which are due to soft gluon and scaling violation
pre-asymptotic effects

Q Recall from above that
(r) = (pr)paie/ V2 = 2.5 GeV /fc (29
(k%) = (kr) x 2//m =2.82 GeV/c (29)

Finally, from Eq. 20 the Gaussian smearing is:

Oy1d = kT/Z = Ulparton,Qd/Q =1.41 GeV/c. (30)
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Conclusions

@ There are two important things to note:
¢ 0,14 = 1.41 GeV/cis much less than exhibited by PYTHIA.
© The direct v cross section from our proposal has an exponen-
tial value b ~ 0.40 between 10 and 20 GeV/c, giving a shift in the
pr spectrum by

boZ14/2 =04 GeV/c (31)

e This means that at 1/s = 200 GeV /¢, z7 is an excellent estima-
tor of Bjorken x to &~ 3—4% and therefore PHTHIA’s treatment
of kr is WRONG

e Of course, to get the Physics Correct, we should all
try to measure kr at RHIC.

THIS 1S MY ANALYSIS
IT SHOULD SERVE AS A CHALLENGE FOR SOMEONE ELSE
TO DO BETTER!
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Ef Ideal Parton Distributions

* A parton distribution

f(zgy) = 36 (P = (1 - 2g)) PT) [(X k1 )P
X

P;—(l—xBJ)P'*' *P
light-cone momentum distribution
¥4(0)

1-z)P
“good” component of quark field (1-2)
o Probability

« Selects out special direction, /2Pt = p0 — p3
determined by experiment

o Distribution in zg,

. Q2 dependence suppressed (throughout much of this
talk)

* In coordinate space

J(oey) = 5= [ damePH=zm (Ply (0, eIPY,

Thanks to

Sergei Bashinsky, Xiangdong Ji, Aneesh Manohar

.
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Qutline Angular Momentum in QCD
. . Brookhaven October 1999
[1] Idea! parton distributions
R.L. Jaffe
2 uark and gluon spin
2] @ g P * AX ~02-03
. , 1 __1
Looking for orbital angular momentum I * In some sense 5 =5A + AG+ Lo+ Lg
s What can be learned from structure of QCD i = After considerable struggle, we know
angular momentum tensor? | o What AC is
. o How to measure it
| [4] Looking for orbital angular momentum II
o Parton distributions of orbital angular * Lg and Lg have been poorly understood.
momentum « Definition?
s Gauge invariance? Uniqueness?
Conclusions and Outlook e Distribution in zg 7
o Measure?
* My object — review A and AG, then confront
Lg and Lg.
R.L. Jaffe RHIC Spin Collaboration Meeting, October 1992 2 53 R.L. Jaffe RHIC Spin Collaboration Meeting, October 1999 1




* Gluon Spin — once controversial, now benign(!)

s A nearly ideal distribution

% Moments (n > 0) of AG <« local, gauge
invariant operators.

* Inverse Mellin transform gives bi-local
light-cone Fourier transform (Manohar)

AG(zgi) = &2 | —————
(sz) i 4T.’:z:BjP+

x (PS)|FT}0)Z(0,z7)F5t(¢7) |PS)

exp Z'szP+§_ X

* where Z(0,£67) =P{expi J§ dy*Au(y)}
* and Fy = %E#VATF’\T

* (n™) moment of AG (Jdze" 1AG) must
be operator of spin-n. Requires factor
l/xBjP+.

R.L. Jaffe RHIC Spin Collaboration Meeting, October 1999 8

B Quark and Gluon Spin

* Quark Spin — once controversial, now benign
e An ideal distribution
€™ oo Pte- -
Ddalogy) = [ 575" E(PSIgl, (01°0,,(67) IPS)

in AT =0 gauge.

e Sum rule
1 2 2
[, 0003 = Awu(@?)
(P, S|gvuy°q|P, S)
S AE@®) = AZ(Q?

¢ Probability distributions
Dga(z) = gl(z) - (=)

e Complications of higher order pQCD.
Age(z, Q?) develops scheme dependence
beyond lowest order. “Adler-Bardeen” =
“anomalous” scheme versus (say) MS.
A matter of history. Beyond the
considerations important at this time for
orbital angular momentum.

R.L. Jaffe RHIC Spin Collaboration Meeting, October 1999 7

* Summary of an ideal partonic distribution

1 Weighted light-cone momentum probability
distribution (weighted by spin, flavor,
transversity, etc), with direct physical
interpretation in co-momentum frame field
theory;

2 Manifestly gauge invariant bi- (or multi-) local
light-cone Fourier transform;

3 Moments = local, gauge invariant operators
of definite twist, recognizable as generators of
expected symmetries.

* Parton distributions exist for all the components
of the angular momentum in QCD, but

* But some of them are less than ideal!

R.L. Jaffe RHIC Spin Collaboration Meeting, October 1999 6 54

) = 1 - ‘I:P+.’L"'IB- t —
Fog) = o= [ da=eP o758 (Pt (0w, (2P, _
e Gauge invariance? Written in At =0 gauge, restore
manifest g.i.

() (a=) => ¢L(o>{P ew: [ ’;zy“Aucy>}¢+<x->

where {---} is a Wilson link.

e Lorentz invariance?

P} (0) - (&™) = POy T (™)
'y+a:" and all else is boost invariant along 23 direction.
» Local operators?
[ @atie = an

where A are local operators in (gauge covariant)
Taylor expansion of 1/13_(0) ey (27)

R.L. Jaffe RHIC Spin Collaboration Meeting, October 1999 5




1. What can be learned from QCD angular II. More recent and also successful approach is to
momentum tensor? ! formulate the appropriate symmetry

Look for operators whose expectation values ’ transformations on the null plane (z~=0).

vield components of angular momentum. ‘
i Bashinsky, RLJ

Relate to integrals over parton distributions? Hdgler, Scharer, & collaborators
A. Harindranath & R. Kundu

No guarantee (1) that interactions drop out or (2) that
individual pieces are gauge invariant.

* G. 1. parton distributions for quark and gluon

ji 4 .
Analog of Momentum Sum Ruie for T spin and OAM!
Standard symmetry analysis RLJ & Manohar
* Integrated quark and gluon spin distributions
Noether analysis => MHVA coincide with M#* analysis.
~ U A Arpp
Another approach = MHA = g"TH* — g \TH * Parton OAM operators are different from

which is manifestly concerved (since T is symmetric)

and generates Lorentz Transformations those inferred from MHVA analysis, and

simpler.
However neither has an interpretable form.

. x Phenomenological studies have begun.
Find appropriate Belinfante “superpotential® = MMV g 9

* Experimental measurement is problematic.

JPA = / d3z MO*  generates Lorentz trans.

In QCD find four terms that contribute to
rotation generators,

R.L. Jaffe RHIC Spin Coflaboration Meeting, October 1999 12 : R.L. Jaffe RHIC Spin Collaboration Meeting. October 1999 11

i
B Looking for orbital angular momentum — I e Define first moment
* Analytic continuation in n equivalent to direct
1. First approach was to examine the symmetry integration of AG(zg;j)

generators (M"¥}) to find gauge invariant ! 1 o
operators with physical correspondence to OAM. AG = 2p+ /d§ «(&7)
Partial success. RLJ, Manohar, Ji (PS|FFA(0)Z(0,27) EH(¢7) |PS)
* G. 1. operators for quark spin and 1forz>0

quark OAM. where ¢(z) = —1forz<0

e So in general gauges, the operator corresponding

nly “total”, no insight into i distributions. o3
x Only "t » N0 INSIgt *Bj to gluon spin is non-iocal!

* No G. I. operators for gluon spin or

gluon OAM However, in AT =0 gauges it reduces to local

operator

% Learned of importance of off forward parton ag =0 —1-(PS[A1F+2 — A2FHL|Pg)
distributions, DVCS, etc. +

Identical to generator Mé*'m obtained from
symmetry analysis

Also identical to anomalous (Kogut-Susskind)
current in AT = 0 gauge.

¢ Note, not AxE (naive, gauge variant gluon
Spin)— see Chen & Fang hep-ph/9802346 and Ji &
j Hoodbhoy hep-ph/9908275

R.L. Jaffe RHIC Spin Collaboration Meeting, October 1999 10 55 R.L. Jaffe RHIC Spin Coliaboration Meeting, October 1999 9




Magnetic moment is forward matrix element
of operator with explicit factor of #

/ d3z(P, 5|3z x F@)|P, S)

E=Fx(0)$ = BIP)

But clearly, to extract F5(0) an experiment
must be done with ¢# % 0

F5(0) « —<P+ q/2, 8| ju(0) [P —g/2,S)

g=0

% Note: This momentum transfer ¢ is not the
momentum of the virtual photon in DIS. It is the
momentum transfer to the nucleon line in

e Why is orbital angular momentum so much
harder to measure than spin?

The explicit appearance of Z forces one off the
forward direction.

* Standard deep inelastic scattering is strictly
forward

&< >’~“‘{—»$><}

* But Z requires derivative with respect to
momentum transfer.

Example: compare charge and magnetic
moment
(P+¢/2,8] ju(0) |P—q/2,8) =

2P F1(0) + 2ieuap, PPePSTFo(0) + O(q?)

k+% k —% Charge is a forward matrix element
K — —c0 ; 3 o
L P s oo 0 Fi(0) [ &=(P17°=) 1P)
= 1 =
gt —0 {P|P}
q q
P-3 P43
R.L. Jaffe RHIC Spin Collaboration Meeting, October 1999 16 R.L. Jaffe RHIC Spin Collaboration Meeting, October 1999 15
s Internal quark and gluon terms
Quark term is gauge invariant and coincides Muu)\ —_ i (oY VoA
= — 0¥ — z¥0
with integral of parton distribution. 2'@0’7 ( )¢
1 _uvio 7
Gluon term is not gauge invariant, but {4-12} + f‘fu "/1'70'75¢
component coincides with integral of parton s New Y
distribution in AT = 0 gauge. + 27Tr {F" (z70Y — V8 )Aa}
U AV puv /\}
¢ Improvement in gauge invariance Ji + Tr {F A FEA
MH = %ny“(x)‘Du— DY)y quark OAM + terms that do not contribute to J**

e”“”\” PYoys quark spin

+

+ 2°7Tr {F‘“"(z)‘D” — 27D*) Ao} gluon OAM
+ Tr {F"‘*A” - F’“’A"} gluon spin

+ terms that do not contribute to J¥*

o Quark OAM term is now d.i.

e Ji explains how to measure quark OAM through DVCS
o Initiates study of off-forward parton distributions

e Gluon operators remain non-g.i.

e Unsatistactory

R.L. Jaffe RHIC Spin Colliaboration Meeting, October 1999 14 56

¢ Convective quark and gluon terms

Generic form (a la fluid dynamics)

> M(Z x V)b,
%

not gauge invariant

explicit factor of Z

R.L. Jaffe RHIC Spin Collaboration Meeting, October 1999 13
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R L. Jaffe

Looking for orbital angular momentum — 1I

II. Parton distributions of orbital angular momentum

S. Bashinsky & RLJ

A. Harindranath & R. Kundu
P. Hégler & A. Scharer

O. Martin

Based primarily on the work by S. Bashinsky,
hep-ph 9804397

* Anticipate significance of space direction
23 — 2~ which defines parton model.
Operators (AL, AG, L, L) identified with
generators of rotations about P3.

+ Define the gauge invariant fields
corresponding to quark or gluon partons with
“momentum” ¢t = zg;Pt.

* Study parton field transformations under
rotations about P3.

= Parton distributions are corresponding
Noether charges.

RHIC Spin Coltaboration Meeting, October 1999 20

e Take stock

f AX — measure through sum rules in
polarized DIS.

1 Lo — measure (in principle) 1AX + Lg in
DVCS where Lg is Ji's covariant operator.

1ttt Lo + AG — measure (in principle) in DVCS.

fft Possible equipartition theorem, limiting size of
Jg and Jg.

44 No place for AG — no gauge invariant
operator.

J1 No physical interpretation for covariant L.

44 No generalization of Ly or Lg to Lo(zg;j). Is
the Bjorken-x distribution of orbital angular
momentum meaningful?

4 No general understanding of what quantities
may or may not appear as parton distributions.

J No simple connection to partons in AT =0
gauge. [As exists for analogous analysis of
1.
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R.L. Jaffe

¢ Equipartition

Analogous to quark and gluon momentum
partition as InQ2? — o

3 1
JqELQ'f'lAZ S S L7 SO
2 216 +3n; 2

116 1

Jg=Lg+AC — ——x=
s=Le+ 216+ 3n; 2

e Strong constraints if valid at accessible Q2

If equipartition applies and A3 = 0.2 - 0.3, then
only missing link is AG. But does it apply? No
way to know without additional measurement,
eg. of Lg.

¢ Observation on scheme dependence.

In MS scheme
1

1
—2-=LQ+§AZ+LG+AG’
In anomalous scheme

1 [ 1 o
(LQ+Z—7-I_-anG)+—2-(A}:—EanG’) +La+AG

2

Merely a shuffle between terms.
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e Insight from this approach

= Evolution of Ji's decomposition

Ji, Tang, Hoodbhoy
Ratcliffe

e Leading order evolution
d(Aax af 0 0 AY
@\ ac 27 \3c; ig)\ac
1
3Ny

d (Lo _ o [-3Cs Lo
dt \ Lg 27 %Cf —%nf Lg

¢ Conservation of total

d, _d
d—tJ=d—t{AZ+AG+LQ+LG}=O
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Gluons, residual gauge invariance, and formalism

e Partonic quanta
Ti(e™) : w(z) — Ulz,z+4a7) d(z+a™),
T?(a~) : Di(z) — U(z,z+e") Dz +a”) Ulz+a,z),
Infinitesmal form

6111‘ = G'-D—'d’ s
FAv=0a"F., = &At=0.
Leaves AT invariant, so can fix gauge AT = 0. Notation
bold face denotes fields in AT = 0 gauge.
BYp=a8_79,
5iA)‘ =a~8_A, .
Decomposition into partonic quanta,

.
b = [ G e TEet D

LAY S
M@ = [ G- Ao

P(k+,z) and Ay (kT,z) are the parton fields out of
which partonic observables can be built and then
transformed into any other gauge—

W(z) = @)
A=) = eia(’)(A,\(z)-*-é An)e=ie® |

The gauge parameter, a{z) is left invariant by T,
Ti(a™)T%(a7) : ofz)

therefore the parton decomposition of quark and gluon
fields in an arbitrary gauge can be obtained first in

A+ = 0 gauge and then transforming with c.

— a(:z:) .
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Parton observables must commute with
T-., because T_ defines zp;

e Generalize to gluons

e Look among physically motivated
transformations, including rotations, to find
observables which commute with 7.

e Noether charges which commute with 7. (which
carry zgj as a parameter) < parton distributions!

¢ So a candidate observable is a gauge invariant
Noether charge that can be diagonalized
simultaneously with zg;.
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Re-examine: What is a parton?

A field quantum which has a definite zg; In
At = 0 gauge.

e Eigenstate of translation in z— direction has
definite kT,

1/’(k+: 2) z= ($+, E.L)

T_()b(k, z) = e~ *F okt z)

where T_(a) is translation by a along the z—
direction.

e Generalize out of AT =0 gauge. Parton is
eigenstate of gauge covariant translation.

T_(a)y¥(z) =U(z,z+a" JW(z+a")
where T_(a) is “gauge covariant translation
operator”

Ulz,z+a")=7P (expig/:*_a_ dép AP@))
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* Keeps close contact with A+ = 0 gauge but
maintains explicit gauge invariance.

* Associate “parton observables” directly with
appropriate space time transformations.

* Obtain partonic definitions of all four terms in
the angular momentum sum rule as functions
of ;.

% Anomalous dimensions and Q2 evolution can be
studied relatively easily.

x Alas, so far, no one has discovered a way to
observe the zg; distributions of Lg(zg;) and
Lg(zg;j) defined in this way.
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Parton densities from light-cone symmetry analysis.

The following expressions are the forms of manifestly gauge
invariant quantities, written in AT = 0 gauge.

T(zg) ~ Ift [wl ()P, (et +67)]

Lo(zg)) ~ It [0} (z1)(21iD2 — 2%D1)9, (= + €7)]
AG(zg)) ~ It [FH(ah)et XA (=t +£7)]

Lo(zg)) ~ ift [FHA(at)(2hiD; — 2%iDy) Ar(zt+ €7))]
where {ft means “light-cone Fourier transform”

ift [61 (2 1) do(zt +£€7)]
_ e d?zt expizgPHe(Plo (2D )dp(st +€7)1P)
27v2 (f d?zL)

and D, is derivative gauge covariant with respect to
residual gauge symmetry once AT = 0 gauge have
been fixed.
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e The RGT covariant derivative D occurs naturally
in Bashinsky's formalism.

Application to angular momentum

All pieces (quark & glue, spin & orbit) of the
angular momentum about the g3-axis separately
commute with T_

= Ssd = ieyOy3454 ;
LQ 5LQ’L7/: = —e(a:l’DQ - $2D1)U7 :
AG : 5p6C = e(810% — 5267)Cy ;

L¢ 51.G\ = —e(z?Ds ~ 22D1)G),
These results agree with canonical light-front
quantization. [But the insight was worth the
struggle.]
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e How can a derivative appear in a partonic observable?

A typical observable is a lightcone fourier transform of a
bilinear product of fields = Ift

q(zg) ~ It [l (z )y (= +€7)]

How to add a derivative (like you need for orbital angular
momentumy)?

. 8,7 tfe[wl, (29)0: %, (= +€0)]
Sorry! Not gauge invariant!
~ D,7? Ift[ L(zt)D, v+(:v"+§ )]
Sorry! IJ, depends on a space time point,
ift [l (=)D (2= + 07 )y (e +67)

Sorry! Now this must be fourier transformed with
respect to 17~ . It’s a function of 3-active parton lines.

D#

(N
7

x D.? ift [0 (e )DL (= (=t + €]
Ahat ’D_._(:r,-'—) does not depend on 3 lightcone
interval and therefore does not introduce another
dynamical field.
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¢ Residual, transverse, gauge invariance

Actually we spoke too soon in claiming physical significance
for 9(k*,z) and A,(k¥,z) because setting AT = 0 doesn't
completely fix the gauge, and observables must be
invariant under the residual gauge transformations.

Residual gauge group are transformations (RGT)
generated by «(z) where phase « 1s independent of z+

G(kt,z) - e@P(kt z),

Akt,z) — e @Akt ) + LD §)e-re@
Decompose A, into a piece that transforms homogeneously
under RGT, and remainder that sits at AT =0,

AN(kT.z) = 2=5(kT)AN=) + Ca(kT.Z)
So, now under RGT,

M) — SOa@ + o @

Ca(kt.z) — e @DE\(kF, x)e @

The gauge field of the residual gauge group, Ax(z) is the
light cone average of A, in AT = 0 gauge

1
Ar(z) = T / dz=Ax(z) .
which vanishes when Ay — 0as 2z~ — oo

o Partonic fields
So the building blocks for observables — gauge invariant
Noether charges that commute with zg, are @(kt,z),
Ga(k*,z), Ax(z) which appears in RGT gauge covariant
derivative

D, =0, - igA,
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fd3z M2ttt = gt++-+  ysual quark spin

covariant derivatives

L
+Lg
+ALE,H""+ new operators

3
gttty /‘ d%@ﬁ'*’%i DDt . Dty

[ f,3 — £, 3.2 T2 O
Lﬁ; T x (23::*:,:;: “{ et iD*—x%i D‘}J,j_)—;‘zif‘- - iDTe
3 ~ : . [~ I S
f e tipT iR sy ypt ity

e
3
T
:

PooytipoTipt DT (@D oD

.
...
~

ALE;Z_.;_....;. - /d3zz/_;7+(a:172—-22'71)ing+’YpiD+‘"iD+'¢'

+ he
+ / By tiDt . iDF(aty2— 22y t)ighrtay g |

. I;)’“' Y is not related to the parton distribution
of orbital angular momentum

. ALg"'""*‘ is not interpretable

It is not surprising that off-forward, deeply virtuat
Compton scattering is sensitive to

Z x {Twist-2, spin-n operators}
Specifically
MOBpLE2 0 = popSpipaun _ o Bmopu o
where
ToRIp2 i = § (,;57011- DM D2 . Dun¢)
is the standard twist two quark operator tower of

DIs.

But the invariant matrix elements associated with
these operators do not correspond to the angular
momentum.

Two problems
» Transverse covariant (D) appear.

e Transverse indices appear on v matrices — no
interpretation at all.
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& Conclusions and Outlook
. . 0.01 0.1
The Dilemma of Orbital Angular Momentum
Easy to state, hard to resolve: 00
" ~
NCZ -0.01
. X -0.02
¢ What can be interpreted cannot be measured. 5
-0.03
o

¢ What can be measured cannot be interpreted.

First part should be clear:

The light-cone parton distributions of orbital angular
momentum developed by Bashinksky, Hagler et al.
and Ravindranath et al. are the correct objects to
call orbital angular moemntum. But we know no
processes to which they couple.

The second part is less clear:
Ji et al show how to measure higher spin
generalizations of
ZATHY _ GV TRA
where TH is the quark piece of the energy

momentum tensor.
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PHENIX Gluon Polarization Sensitivities and Issues

Yuji Goto, RIKEN

We aim at direct measurement of the gluon polarization at PHENIX in the polarized proton
collision. This is performed by using gluon+quark and gluon+gluon reactions. The central arm of
the PHENIX detector covers central rapidity region, and the muon arm covers forward region to
detect many channels of physics signal from these reactions. In the central arm, we detect prompt
photon and 7°. In the muon arm, we detect heavy flavor productions which include both quarkonia
production and open heavy flavor production.

There is fine—segmented EM calorimeter (EMCal) subsystem in the central arm which covers ra-
pidity region {n] < 0.35 and 180° azimuthal angle. It consists of lead-scintillator sampling calorimeter
(PbSc) and lead glass calorimeter (PbGl). Both have fine granularity about 0.01 radian per tower
in both rapidity and azimuthal direction, which gives us good 7% — 2+ identification capability up
to pr ~ 30 GeV/c.

The prompt photon is detected by the EMCal subsystem. Theoretically, the prompt photon pro-
duction is a clean channel to be interpreted because it is dominated by the gluon Compton process.
By measuring asymmetry, Ay, of the prompt photon production in the polarized proton collision,
we can deduce the gluon polarization, AG/G, by using knowledge of the quark polarization from
polarized DIS experiments and calculable asymmetry of the gluon Compton process. Experimen-
tally, detection of the prompt photon is challenging because of many background events mainly from
70 — 27 decay.

We are studying sensitivities of our measurements using PYTHIA event generator. Here, we show
theoretical and experimental dilution of the asymmetry measurement. For the gluon polarization
measurement, what we want is only the asymmetry of the gluon Compton process. Other pro-
cesses work to dilute the asymmetry. Theoretically, we need evaluation of annihilation process and
bremsstrahlung. Experimentally, background photons dilute it. If we apply isolation cut, dilution
rate is decreased according to its cut efficiency.

In inclusive photon measurement in the PHENIX EMCal subsystem, there is another uncertainty
to obtain the gluon polarization. Because we cannot reconstruct parton kinematics of each event in
the inclusive measurement, we are required to use estimated mean values of the kinematic variables.
It causes smearing resolution for the gluon polarization measurement. In order to avoid this uncer-
tainty, we can use fitting with Q? evolution for the measured asymmetry of the prompt photon. We
can include smearing resolution in the fitting procedure to evaluate the measured asymmetry.

To summarize issues of the gluon polarization measurement using the prompt photon, first, we
need background evaluation both theoretically and experimentally. In this evaluation, we can utilize
other measurements in the PHENIX detector, e.g. weak boson measurement to estimate annihilation
process contribution and #° measurement for the background photon estimation. We also need study
of the fitting procedure to deduce the gluon polarization.

The muon arm covers forward rapidity region 1.2 < || < 2.4 and 360° azimuthal angle. It
consists of magnets, tracking chambers, and muon identifier. By detecting di-muon in the muon arm,
we can identify J/¥ and measure its production asymmetry. As for open heavy flavor production,
the most clean channel is electron-muon coincidence channel. At high M., region, background
events from 7/ K decays are small enough. These background events can be estimated by measuring
like—sign pair of electron-muon. We have good enough precision to distinguish several polarized
parton distribution functions with different value of the gluon polarization.
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Prompt Photon Production

M 5
* Yield 320 pb! 800 pb-! 10 T
ﬁ:m}‘(}ev ﬁ=5m "%’ 104;‘ PYTHIA/GRVI4LO 1~
Yerors on Errors on o 2 = V5=500GeV 3
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* Asymmetry T
—1F
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Prompt Photon Asymmetry

» PYTHIA leading order prompt photon production

— gluon coxﬂpton process 80-90%

— annihilation process

10-20%

+ Asymmetry dilution by annihilation Asymmet
Y Ty
- a.=-] ~15% dilution
LL
0.25 g—rTrTrrTTTTTeTTTTTTTTT T
o ! 7T <1? E T T ¥ T T T T 3
5 98 B —dlnconplon — 0.2 £ — ESS3N3 1A} Sniniction " 3
=4 0.7 3 5.15 E — G595 NLO {A) sum (prompt 3
o6 £ 0.1 E E
04 E ~ annihilation 3 005 F E
0.3 F : 0 E :
8% € § -oo05 E 3
) PR PP ST S NN ST S S Y WS S —-0.1 THNRERREEE NRNNE NI WA )
0 10 20 gTO(GeV/CA}O 0 5 10 15 20 25 30 (35 / ‘;O
. . py (GeV/c
no isolation cut Prompt y Asyrnmetry
10/6/99 Yuji Goto, RIKEN RHIC Spin Workshop at BNL 12
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ratio
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ratio

OEOOO0000
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Prompt Photon Asymmetry

« PYTHIA leading order prompt photon + bremsstrahlung
— prompt photon leading order 70-85%

— bremsstrahlung 15-30%
« Asymmetry dilution by bremsstrahlung Asymmetry
~10% dilution
T 3 0.25 A IS S R IS S LA IAAE
3 - prompty ; 02 b — &8 ﬁt%; 1g£:m§sfmh.mg =
X E 0.15 ;_ —— GS9S5S NLO (A) sum _;
3 5 0.1 3
- - bremsstrahlung 0.05 %‘ /‘E‘i
3 O .
i -0.05 F 3
E P I S I S Y —0.1 Y NS TP NS TS IR U
0 1020 SOeevsct° 107750 15 20 25 30 35 40
<olati ¢ pr{GeV/c)
no isoiation cu Prompt y Asymmetry
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Prompt Photon Asymmetry
« PYTHIA prompt photon + decay photon
— decay photon - background
— before background reduction
« Asymmetry dilution by decay photons  Asymmetry
~30% dilution
LB I i S S 3 0.25 g I I [IUAE I AL
. - prompt y + bremsstrahlun 0.2 E. — prompt 7 + brcmsstrohlung _f
. E F — decayy E
3 0.15 F — =um 3
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Prompt Photon Asymmetry

* PYTHIA prompt photon + decay photon

— after background reduction
* mass reconstruction
+ 1isolation cut R=0.4, fraction=5%
* Asymmetry dilution by decay photons
— recovered

Asymmetry
— more recovery by requiring stricter condition ~20% dilution
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Gluon Polarization Sensitivity

e x-~A5 derived from

o T E
< J
— gluon compton photon 0-6 B
— statistical error for 05 g
o sqri(s)=200GeV 320pb ' —+- ]
» sqri(s)=500GeV 800pb”! 04 [ E
* assuming : ]
— X, =X;=2p/sqrt(s) 0.3 y ]
— cos(&)=0 ) ]
.. ) 02 .
* Deviation from mput x - A& L 0= pt (vem2006eV) N
: [ — 0= p}(Vs=500GeV) ]
hnes QJ B W /5=200GeV gluon compton 7
— fitting will be done on A 3 W Vs=500GeV gluon compton ]
data considering these ob—— a1
. 10
smearing effects xAq x
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64




777 Production
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J/ YProduction

Di-muon measurement
Signal

- N, fpr>2GeV) ~ 120k events

— 84, ,”¥(stat.) ~ 0.006
Background

— N /Ny~ 0.15

— 84,7 ~0.007

~ 04,,”¥(syst.) ~0.001
Excellent asymmetry
measurement will be done.

Yield per 1GeV

10/6/99 Yuji Goto, RIKEN
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Hiroki Sato’s studies

[ Dimuons Mass(unlike sign pair) |

320pb-" Jhy (color singlet model)

PERSNCEL BN SR FEVEN EPSE W N

o |

1 2 3 4 5 6 7 8



A_LL

Open Heavy Flavor Production

- ey coincidence Hiroki Sato’s studies
» Signal e,mu mass(unlike sign pair)
> F
— Ny, ~ 100k events g F320pb-1 pS,p/>1GeV
— 94, (stat.) ~ 0.006 - 40°L
« Background -4
— Nogewy~60kevents o 10°
~ 84, (syst.) ~0.006 >~
* Good signal/b.g. + T
good b.g. estimation 1 2 3 4 5 6 7 8
e,mu Mass(GeV)
M.,
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Sensitivity of e y£Coincidence

Hiroki Sato’s studies

[ A_LL{M{e,mu)) with GS-95 NLO-AB.C | [ A_LL(M(e,mu)) with GS-95 NLO-A,B,C |
C = - .
| 0.2F A systematic error = 0.2 systematic error from
- LL 5 < S-A 4, , background
0.15F 0.15-
0.1 0.1F
oosf- GS-B 0.05-_GS-B
S o250
1 2 3 4 5 6 1 2 3 4 5 6
e,mu mass(GeV) e,mu mass(GeV)
M. . M.,
{
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STAR Gluon Polarization Measurements
L.C. Bland, Indiana University

One of the primary objectives of the RHIC spin program is to determine the integral
contribution (AG) gluons make to the proton’s spin. Possibly the best way to achieve this objective
is to study large transverse momentum (pr> 10 GeV/c) photon production spin asymmetries (4.z)
in the collisions of polarized protons at high energies. The general features that make this process
attractive for determining AG are summarized in Fig. la. The ‘sensitivity’ of the STAR detector,
using the reaction p+ p — ¥ + jet + X, to different models of the polarized gluon distribution
function, AG(x), is shown in Fig. 1b. The displayed quantities are further described below.

Studying inclusive v production at midrapidity (1] = 0) will provide some insight into the gluon
helicity distribution, AG(x), but is not ideal. First, there is only an approximate relationship
between the measured pr, and the initial state partonic kinematics. For fixed pr,,, the quark and
gluon momentum fractions (x,) fall along a hyperbolic locus. Within the parton shower model, as
represented in PYTHIA, the hyperbolic locus is broadened by a transverse momentum (k7) that
varies from event to event (Fig. 2a). Hence, when 1~ 0, the event-averaged momentum fractions
are X, =X, =x; =2pr,/ /s, and the average photon scattering angle in the partonic CM is 7/2.
This does not provide the optimal ‘analyzer’ of the gluon polarization. Detecting forward photons
(1 <m, <2) improves the performance of the gluon ‘spin analyzer’ by emphasizing asymmetric gg
scattering (x, > xg), and by probing smaller values of x;, thereby improving the determination of the
integral AG.

Detection of the away-side jet in coincidence with a forward 7y eliminates most of the

. ambiguities about the initial-state kinematics (Fig. 2b). The event-by-event determination of the
partonic kinematics enables a direct extraction [1] of AG(x) from the measured 4;; by employing
the leading order pQCD relationship, A;;, = AG(x,)/ G(x,)- Al (x,)- a;; (¥"). The efficacy of this
method is shown in Fig. 1b for simulated ‘direct photon’ events, including both gg Compton
scattering and ¢gg annihilation. The latter process reduces the magnitude of 4; for a given AG(x).

Naturally, other backgrounds, including the production of 7%n") mesons which subsequently
decay into photon pairs (that are difficult to distinguish from single photons at very high energies),
and so-called ‘fragmentation photons’, must be considered. Detailed comparison [2] between
published data and the yields simulated for these processes by PYTHIA provide some confidence
that the severity of these backgrounds at RHIC can be established. The background magnitudes,
after all gating conditions have been imposed, are shown in Fig. 3. Contributions to the photon
yield from these backgrounds will result in a smaller magnitude 4;; for a given AG(x) (Fig. 4).

Finally, to establish the contribution gluons make to the proton’s spin, the first moment of AG(x)
must be determined, requiring an extrapolation of AG(x) to x, values not probed in the experiment,
the most serious limitation being the cutoff at small x,. By studying photon production spin
asymmetries at two collision energies (Ns = 200 and 500 GeV) the range of x, probed at RHIC is
sufficient to minimize extrapolation errors, as shown in Fig. 5.

[1] L.C. Bland, hep-ex/9907058 (1999).
[2] L.C. Bland, in RIKEN Workshop on Event Generators for RHIC Spin Physics, (March, 1999).

67




89

Advantages of B + P —7 +jet + X for determining AG

1) Gluon Compton scattering dominates direct photon production

7 q +q—> Y + g makes only
= = jet ~10% contribution to
9 A & direct photon yield in
pp collisions

2) Large asymmetry for gluon Compton scattering when photon is
detected in direction of incident quark.

¥

+1.0
- Ra * \/;
ﬂ* ¢ p = \quxg T
<®405 q P > << g
- p
) q
0
0.80 —

060 |- @?=50GeV? —

I3 Illllnl IS ETIT)
10" 10°
X quark

4) Possibility to reconstruct the initial-state partonic kinematics
when both the photon and jet are detected in coincidence.

Fiﬁ, Aa

*,4/7 SO/

Sensitivity to AG(x) with STAR
(full barrel and endcap EM calorimeter)

p +p — v+ jet + X with 3 models of AG(x) (PRD 53, 6100)

“éf;' GS-Al [[3 "}' GS-B | GS-C
3 10 | oft 101 H N o i
S 10} e 1001842 !
3 | D " i . _
E 1 . . -4 1 S T J;_ }«-(T—
2 il ..
301 o\ bl N s e 4
= 01001 0.1 0,01 0.1 0.01

Reconstructed xg lion

5 Vs=200GeV ,320pb-!  § Vs=500GeV ,800pb~! ___ Input
A 2
% paric> 02 % o> 01 AG(x, 0%)

Endcap .
EM cal =

photon + jet ;
coincidences

END
RESULT —

Fig. 4b

much greater sensitivity to small-x gluons
and large-x quarks than for midrapidity ¥

single dominant partonic process (qg — Yq)

* initial-state partonic kinematics reconstruction

selection of events with large ‘effective
analyzing power’ = x_ . > 0.2

quar.
possibility of directly reconstructing
AG(x) from measured A,

Determine the integral contribution gluons
make to profon spin to accuracy + 0.5
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102
Inclusive direct photons =
10 . avemg.ing over injﬁal state
partonic kinematics
+ at midrapidity,
l X uark = Xgluon = X1 = 5’;’ T
10

Forward direct photons =

+ emphasis on asymmetric qg

1 collisions x> X 1o

Need to detect the coincident “away-side” jet to determine
the initial-state kinematics.

Partonic Kinematics Reconstruction

X, =£2L (e*“y + et Ner)

X, = ..'_x_T. (e_ny + e_nju)
2

= xgluon = min [X, ,xz]
xquarl' = max [xl ’ x2]
pp—y+jet+X Ns=200GevV 320pb’ o

X
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3 0.2 T —i ;
o - 0 | 3

0 - L L L L g S e = i
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0+ 10 Background Suppression for B+ — v + jet + X
(PYTHIA 5.7 simulations)

p+p s =200 GeV

E T
12fF T T e,
3 T ]
8 3
s LE 10 GeV/e <p, < 20GeV/c
S 5
S 3 E
< 9 1 1 i i 1
AT 05 0 0.5 1 L5 2
3 T T T T T ™3
2 F 7
Sl it
N e = E
g 2¢ -~ ++“"‘—-'—"_'- -:
+ : Y +jetin EMC; max(x,, x,} >0.2 :
Qg 3 + UA 2 isolation condition E
\-—05....|....1....1....1....1....
S -0.5 0 0.5 1 1.5 2
Q1.2:—""1""l""l""l""l""—_
] + "
o8 | 4+ T A+
F - —+ —t=- 1
o L E
0.4f - 3
E + cut on quality of SMD ;
3 fit to single y E
L JroSmEre Y L]
0-1 -0.5 0 0.5 1 15 2
Pseudorapidily n

Remaining background to be subtracted by measuring
A for samples that pass and fail SMD cut

= increased errors on AG(x) by factor 1.5 - 2.0

What are the contributions from higher-order processes?

Y
4
8 From calculations (Gordon & Vogelsang), we should
expect important contributions to the photon yield
; q Y from higher-order processes.

\\

PYTHIA includes only LO pQCD processes. Higher-order effects are modeled
via ‘parton showers’. The above process is contained within PYTHIA via
so-called ‘fragmentation photons’. Comparison betweenp +J — ¥ + 2 jet
data and the PYTHIA ‘fragmentation’ photon yield has been made by

the CDF group at Vs = 1.8 TeV (PRD 57, 67). Good agreement is Jound.

p+p—y+jet+X Vs=200GeV 75pb! (PYTHIAS.7)
(includes UAZ isolation condiition)

: TT v r"l TTT l ™1 7 I T =73 ’_T"-"" L it e 1' TN 7T 1 T
1 4000 .
1 as00 |-

direct photons
45,141 events ... 3000

i 2500
12000
1500 {-
l()()():
| s |
ettt o e 4 0 foaaaas Lo

10 15 20 25 30 <2 -1.5 -1 -0.5 0

/

:;}'ragmemarirm Y
17,244 events

pT gamma (spin sum) log(xgluon) (spin sum)

I
i

= a larger radius isolation cone is essential to reduce
the yield from ‘fragmentation photons’
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P +p o> MP) +jet + X
s = 200 GeV , 50 pb!
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than for direct photons.

gluon
LL

0.2

++

e
+

0.1
Reconstructed x

PR ST AT S ST U N R

£

0

0.3

1l

|

PR TRTERT U NS S S S S

— remnant background will dilute the photon asymmetries
— minimize systematic errors for statistical corrections

0.2
+ Substantially smaller magnitude A

Event sample is subjected to direct photon cuts:
»  Minimal dependence on AG{x)
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Wkat is the inffuernce of
‘fragmentation pkotews’ on
polarization observables?

Cuts applied to simulation:
10 < Pry< 20 GeV/c UA2 isolation condition
-0.3< Mgt < 1.3 (for leading jet) max{ x,,x, ]> 0.2
1< n, < 2 (barrel + endcap EMC)
PP o y+jer+X s=200GeV

‘Direct’ photon

. 320 pb”!
a 06 ' ' ‘Fragmentation’ photon
“ (:’, o4 b statistical ) 75 pb'l
Ta, N\ 4t errors only ; o e 3 e 1 gy
ta o £ 3 0.2 | E
= 0.2 3
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Reconstructed x
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= expect a small dilution of A, from fragmentation photons
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Rate Capabilities for STAR for Spin

Jan Balewski, IUCF
for STAR Collaboration

e-mail: balewski@iucf.indiana.edu

The base line of the spin physics program at STAR relies on measurements of direct
photon or W-events in the p+ p collisions. Small cross sections for those processes (~ 10°
background/signal ratio) requires enhanced luminosity running at RHIC. The raw event
rate of 4~12 MHz will be reduced to 4-60 Hz by setting a threshold on the electromagnetic
calorimeter (EMC) “high towers” and “trigger towers”.

Due to the 40 microseconds drift time of the STAR time projection chamber (TPC) on
top of the trigger event, a few thousand of background tracks from the early/late bunch
crossings (~ 700) will pile-up. In order not to exceed the band width of the acquisition sys-
tem, the data volume must be reduced in flight by means of the pileup rejection procedure,
described in the talk.

Since the EMC towers are fast detectors, they record only hits from the trigger event.
The reconstructed TPC tracks matched to EMC hits are used to determine the vertex
associated with the trigger event to an accuracy of 1 cm.

Since the tracks from the pile-up events are displaced along the whole beam axis (~ 400
cm), only a small fraction of them will coincide with the reconstructed vertex and all others
may be rejected. To preserved some tracks from the trigger event arising from the decay
of long-lived primaries, tracks matched to the EMC towers are also retained.

Despite the significant reduction of the number of the TPC hits (~ 1/50) the infor-
mation about the trigger event is preserved. The quality of the reconstructed partonic
kinematics is still dominated by the hadronization process rather then by the limitation of

the detector or data acquisition.
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Piled up Tracks Reconstructed in TPC &tz s

@ j ENDCAP
pTp event (~ 30 tracks ) 7| EMC
screened by:
720 bunch crossings (~ 2000 tr.) {5
during 40ps of
the TPC readout time _
» EMC records only hits (~ 30 : 2 3 TPC
from the trigger event
« the pileup events are
displaced along the beam axis
: (=200 cm)
B L N Eme
=< .
-250 cm ———yz.aXIS 250 cm
0
Example of 2 piled up events A o oo
ptp event The same pt+p event

(p7>10 GeV) @ 200 GeV + 1 pileup 10US earlier (black)

/1
“

oo

T

2]

T

Colot gg;lr:gp; <500 MeVie Displaced vertices |

*blue pr 0.5, 1] GeV/c

| Tracks not matched to EMC towers

- red pp>1 GeVic
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Goal: Identify vertex (Z*) for the trigger event

Vertex Finder - Method

Method:

sreconstruct all tracks in TPC
spresclect tracks from trigger cvent:
* # TPC clusters >20 (of 45)
* RyyPCA < 1.3 cm (primary track)
«|ZPCA| < 15cm  (diamond size)
» track matched with EMC tower

«find maximum of the likelihood(Z*) —

(Z;PcA — 7%y
In L(Z*) = Z , truncated at AZ > 20;
i o m)?

f e w1th ileup hits /
CHk I without -1/~ >
2 o
bl] . //

: e
0k ' T —®
-1 0 1 M

Jan Balewski, IUCF
RHIC spin workshop
BNL, October 6-8, 1999

/

pt+p @ 200 GeV, 0.44 inter/bunch

AN

* E i of preselected tracks
3 F
'%’ 2 £ Accidental track True vertex |
y £ (matched to EMC
O_""' ”Illl”lﬂlllllllll
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, b Likelihood
-? - Recon ve@
-15 | A
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p+p @ 500 GeV, 1.21 inter/bunch
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Jan Balewski, [IUCF

E‘Ormance RHIC spin workshop

BNL, October 6-8, 1999

Vertex Finder - Per:
)
(D
For 88% of events | AZ |[<1 cm
(out of 400 cm TPC length)

B 70

2 60
L

J

Tested with p+p @200 GeV , Ny €[1.0, 1.3]

Pileup Filter accepts tracks:
. I ZiDCA __Z*I <401

or |
» matched to the EMC towers

Trigger  with pileup
event hits

All reconstructed 27 + 13*) 2,070 + 170
tracks

Tagged tracks 13+6 43 +12

*) +RMS

Pileup
Filte

yufficient reduction

: 20
40
30

20
10

I RN N I N AR !
I I I I I |

0

of data volume

Do the tracks associated
with this vertex
include the physics ?




Jan Balewsks, [UCF
RHIC spin workshop
BNL. October 6-8. 1999

High p; tracks preserved

All reconstructed
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Tested with p+p @200 GeV , 1, €[1.0, 1.3]

Jan Balewsk, IUCF
RHIC spin worksbop
BNL. October o-8. 1999

Test of Pileup Filter with full background
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A Next-to-Leading Order
pQCD Analysis of gi(z, Q%)

RHIC Spin Workshop 1999 @ BNL
October 6, 1999

Abhay.Deshpande®@Yale.Edu
On behalf of the Spin Muon Collaboration at CERN

This analysis:

e Is NOT most up-to-date!
SMC, B. Adeva et al,, PR D 112002, December 1998

Does not have data from later publications by E155 (p,d) and
HERMES (p) but is still relevant!

e IS the last published result on polarized gluon distribution by
an experimental collaboration with complete uncertainty esti-
mate.

e Suggests the directions for future measurements of gluon dis-
tribution

Students @ SMC (in time-order of participation): D. Fasching (Northwest-
ern), G. Garcia (Santiago,Spain), A. Ogawa (Nagoya), Y. Miyachi (Nagoya)
& E. Sichtermann (NIKHEF)
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Fit Result

Proton Proton

I|l|lll||lll|l‘ll‘llll]

IIRIRRRT) Caoy g [ RREN

Deuteron

I
LERLENLINE RO U N B B B B B

LN B B A

TRl v e I RN L a1y
-2
10

SMC
EMC
E143
E142
E154
HERMES

— PROGRAM 1
----PROGRAM 2

Neutron

LA R BN L R B R

'y
o
)

133 Data points (CERN,SLAC,DESY Experiments)

10 Free parameters
x? = 116.1 calculated using only statistical errors on the data
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Evaluation of Systematic Errors:

® Experimental sources:

— Systematic uncertainty on measured All”d’n(:z:, @Q?) data points
For each data set: systematic uncertainties added in quadra-
ture = Repeat QCD fits with A; & d5yst.4;

— F5 and R parameterization:

Upper and lower limits of the parametrizations

Repeat the QCD fits

— Maximum deviations from best fit added in quadrature to
get total experimental systematic uncertainty

e Theoretical sources: Related to the uncertainties on other in-
puts in to the pQCD analysis procedure:

— Factorization and Renormalization scales
= Change by a factor of 2 (high and low), repeat fit...

— Value of a(M2), the strong coupling constant
—> 0.118 £ 0.003

— Functional form of initial parton distribution
= Change, repeat fit, see difference w.r.t. best fit
— Change initial Q?, repeat fit, see difference...

— Others of smaller consequence:

* ag = 0.575 £+ 0.016
* Quark mass thresholds

— Maximum deviations from best fit added in quadrature to
get total theoretical systematic uncertainty

80




Sources of Uncertainty

Nucleon it Total Total
Exp. Sys. Theory
Proton  0.122  40.007  +0.007

-0.011 -0.024
Deuteron 0.025 +0.006 +0.006
-0.010 -0.020
Neutron -0.068 +0.007  +0.005
-0.011 -0.020

Theoretical Sys. Sources Separated
Nucleon  Scale o PDFF Others
Proton +0.005 +0.002 +0.004 +-0.002

-0.024 -0.004 -0.001 -0.002
Deuteron +0.003 +0.001 +0.004 +0.001
-0.020 -0.003 -0.001 -0.001
Neutron +0.002 +0.001 +40.005 +0.001
-0.020 -0.003 -0.001 -0.001

Experimental Sys. Sources Separated
Nucleon SMC E154 E143  Other Exp.
Proton 40.005 +0.005 +40.000 0.001

-0.008 -0.005 -0.004 -0.002
Deuteron +0.004 +0.005 +0.000 +0.001
-0.008 -0.005 -0.004 -0.002
Neutron 4-0.005 +0.005 +0.000 +0.001
-0.008 -0.005  +0.004 -0.002

Systematic uncertainties from theoretical sources
larger than those from experimental sources
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Uncertainties and measured/unmeasured z

regions

’\/Ieasured X region

Nucleon fo03 95°°(2, @f)da 003 91" (%, Qp)dx
Proton 0.130 == 0.003 & 0.005 £ 0.004 0.132

Deuteron 0.036 £ 0.004 4= 0.003 £ 0.002 0.040
Neutron —0.054 £ 0.007 £ 0.005 £ 0.004 —0.048

Unmeasured low and high x regions
1 g% (z,Q%)dx 0.0 < z < 0.003 0.8 <z < 1.0

Proton —0.01213:01 0.003+3-9%1

Deuteron —0.015+3:919 0.000+3-3%9
Neutron —0.020+3-939 0.000+3.9%1

Uncertainty from the low x unmeasured region largest!
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QCD Fit Results: Polarized Parton

Distributions
X-AX(X) X-Ag(x)
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e The singlet and nonsinglet quark distribution functions known

reasonably well.

e The polarized gluon distribution function is largely unknown!




Results: n, = iy Ag(z)dez

First moment of the polarized gluon distribution at Q? = 1 GeV?

mg = Jy Ag(e)de = 09953 (stat) 2553 (exp.syst) & theory)

® 73, is largely unknown

e New DIS data from SLAC and HERMES reduces the statistical

and experimental systematic uncertainty by a small amount,
but this does nothing to the theoretical uncertainty

e Largest sources of uncertainty:
Theoretical and related to unknown low-x behavior of g;
— Functional form of initial parton distribution function
— Unknown factorization and renormalization scale
— Uncertainty in value of a,(M2)

e Needs measurements over larger kinematic range

= Possible future experiments with Polarized €'- § scattering
with HERA or/and with RHIC-& - # Collider
(Talks by S. Peggs & A. Deshpande, October 8th)

e Measure 7, through photon-gluon fusion (PGF) where gluon
enters at leading order
—> HERMES at DESY ( R. Kaiser)
—> RHIC-Spin at BNL (this session)
—> COMPASS at CERN (A. Bravar)
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PHysics RESULTS FROM HERMES

GLUON POLARIZATION

RALF KAISER - DESY/ZEUTHEN
Ox Benarr Or Tue HERMES COLLABORATION

RHIC SriN WorksHor, BNL, OCTOBER 1999

o THE HERMES EXPERIMENT

» SPIN ASYMMETRY IN THE PHOTOPRODUCTION
OF PaIrs OF HiGH-pr HADRONS

¢ EXTRACTION OF AG/G

RESCLTS ARE BASED ON TEE DATA TAKING PERIODS
1996-1997 or THE HERMES EXPERIMENT AT HBRA

Measurement of the Spin Asymmetry in the Photoproduction

of Pairs of High-pr Hadrons at HERMES,
HEP-EX /9907020, SUBMITTED TO PHYS.REV.LETT.

INTERNAL POLARIZED (GAS TARGET

H,D TARGET: ATOMIC BEAM SOURCE BASED
ON STERN-GERLACH SEPARATION
HIGH TARGET DENSITY: 7.6-10' atoms/cm’

POLARIZATION MEASURED WITH A BREIT-
RABI-POLARIMETER. < P >= (83 4, %

counly
5
8

T

collimatoxs

carget cell

T T

EYS o ° 10 o 20

o
s
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PoLARIZED ELECTRONS IN HERA

15
—30
I3
H # TrersvaseNolarimder
3 < Lapaien: Palaciante
FE
I3
40
i
v
20 \
3 %
g 1}
° é (X1 7 18 3
Time [hours]

POLARIZATION MEASURED BY TWO COMPTON
POLARIMETERS. < F >= (35 & 2,y.1%

HERMES SPECTROMETER

ORFT CHAMBERS
TROG ER HODOSCOPE MY

3

e

VI ARG

[ Bydz =13 Tm
7(0) = 0.6 mrad
o(p)/p=07...14%
FOR LEPTONS
CALORIMETER,
PRESHOWER,

TRD, CERENKOV

TrAUKING AYSTTEN

Fio SysreM:

1IN 1998 THE THRESHOLD CERENKOV DETECTOR
HAS BEEN REPLACED BY A RICH DETECTOR.



PARTICLE IDENTIFICATION

ety

/."r.‘ S (3

- A (R L
P . cal™~precer
PID3 = lt)glg —_————." W o h Lh
Meai™precer

4GS ELECTRON IDENTIFICATION EFFICIENCY
WITH < 1% HADRON CONTAMINATION (FOR
DIS EVENTS).

WHY MEASURE SPIN ASYMMETRIES
OF PAIRS OF HIGH-pp HADRONS?

THE PHYSICS GOAL IS THE MEASUREMENT OF
THE GLUON POLARIZATION AL

=~ SUBPROCESS WITH GLUONS REQUIRED

i

PHOTON-GLUON FUSION 7g =% @G IS AN
EVIDENT CANDIDATE

= TAGGING OF PHOTON-GLUON FUSION THROUGH
PAIRS OF HIGH-pr HADRONS AT LOW
ENERGIES (TOO LOW FOR JETS)

[BRaVAR, HARRACH, KOTZINIAN.
PHYys.LETT.B421:349-359,1998]
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AG FROM g;(z, Q%) EVOLUTION

IN NLO QCD THE POLARIZED STRUCTURE
FUNCTION g1{z,Q%} OF THE NUCLEON IS
RELATED TO THE POLARIZED QUARK, ANTIQUARK,
AND GLUON DISTRIBUTIONS Ag(z, Q?), Ag(z,Q%),
AND AG(z,Q2): .

[

Ny
1 2 [+ 2 a
gy = — a —A p
gl_zzq eq[(Aq+Aq)®<1+2 C',,)-i-2 AG®ACG]

3 prerrprTTTT
25 F 3
a9, E of1GeV® 3 1 AvrareLu
s b l 3 et aL, 1998
' _ l 3 2 LeaDER
3 3’ 3 ET AL., 1998
05 F L] 3
o > 1 3E154,1997
4 4sMC, 1998
-0-5 '_:
-1 TS PR PPV P RaweT
1 5 4 5

2
Ref.Nr
[Presented by R. Windmolders at DIS-99.]

OPEN CIRCLES: M S SCHEME,
FULL SQUARES: AB SCHEME.

ERRORS ARE STATISTICAL AND SYSTEMATIC ERRORS IN
QUADRATURE; THEORETICAL UNCERTAINTY 1S NOT
INGLUDED IN THE ERRORS OF (2).

EXPERIMENTAL TECHNIQUE

MEASURE THE CROSS SECTION ASYMMETRY

AT pit o N

Ay =

ate T Nl

NTITE ) NUMBER OF OPPOSITELY CHARGED
HADRON PAIRS FOR DIFFERENT
TARGET-BEAM SPIN ORIENTATIONS

FREINES LUMINOSITIES
YR
.J:,,T‘”’ LUMINOSITIES WEIGHTED BY Pr- Pp
REQUIRE:

e AT LEAST TWO HADRONS (k*.h7)} IN
SPECTROMETER

e FOR BOTH HADRONS
> 4.3 GoVAND pr > 0.5 GeV

o Af{Zx} > 1.0 Ge\', TO REMOVE p AND o

[ Ql'-.-\.\'l-l{l".:\l. PHOTOPRODUCTION: NO SCATTERED
A rorieen, (O = 0.06 Ged?
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MEASURED ASYMMETRY As{ph ,ph )
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SYSTEMATIC ERROR =¥ 8% OF MEASUREMENT

CHECKS THAT HAVE BEEN PERFORMED ON THE DATA:

et /h* MISIDENTIFICATION
® PARTICLE IDENTIFICATION CUT VARIATION
® MOMENTUM CUT VARIATION

e CONSISTENT RESULT OBTAINED USING IDENTIFIED
PIONS ONLY

COMSBINED A%, L™ ASYMMETRY

N—\ " ¥ T T T T
& g6 £ PY>1.5GeVie b
g0
=1 H .
- 0.4 E
0.2 FL + ]
0 - . '
P
-0.2 ! 1 1
r
0.4 ¢ + .
I
-0.6 1 .
08t ]
105 075 1 125 1.5 175 2

h2
ny . P (GeVic)
pPr > Py

IN THE REGION }3" > 1.5 Gel g2 > 1.0 GrY”

hs by o e N
(P77 > pf7) A NEL R3VE ASYMMETRY
A o= =023 2 G 12{stal) = 0 62{sysi)
I OBSERVED. IN  CONTRAST  TO THE ¥io,~iiivi

ASYMMETRIES MEASURED IN SEMI-INCLUSIVE DIS.

MWiHtEOUL THEF REQUIREMEN ,:-i,f‘ > 15 Q«y rHe

ASY RTINS IS CONSISTENT WL /RO,
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ASYMMETRY IN REGION OF INTEREST
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dddd
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™
+
————
—_——
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05 075 1 125 15 1.75 2
P (GeVic)

THE TWO MEASUREMENTS ARE STATISTICALLY
CONSISTENT, BUT THE DATA SUGGEST A
LARGER ASYMMETRY WHEN THE TRANSVERSE
MOMENTUM OF THE NEGATIVE HADRON IS
HIGHER.

CONTRIBUTIONS FROM SUBPRUCESSIES

LOWEST ORDER [
=~ SUPPRESSED BY HIGH-p;r REQUIREMENT

INTERACTION VIA THE HADRONIC STRUCTURE
OF THE PHOTON DESCRIBED BY THE Y )i
— ASSUMED TO HAVE NEGLIGIBLE SPIN
ASYMMETRY

NON-RESONANT HADRONIC (¢§)
ANOGRINL O s PHO P ON STHBUC UL Y

— MAY BE NEGLECTED ACCORDING TO
SCHULER/SJOSTRAND

TWO FIRST ORDER QCD PROCESSES

(DIRECT) WHICH DESCRIBE THE INTERACTION
OF A POINTLIKE PHOTON. THESE ARE

PHOTON GLUON FUSION (#*(i}¥)} AND THE

QCD CoMPTON EFFECT (D).

yr_ 3 g
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qf X
/ r
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MC-Dara COMPARISON

PYTHIA 5724 wiTH ﬁ’,‘."" = 0.5 GeV. JETSET
FRAGMENTATION TUNED TO HERMES SIDIS DATA.

o~ — T T
;u\ 0% P3'>1.5 GeVic _
o
g
= A
-1
5. '
% 10°F O E
:
SUNN S I
10 F B &
R £
i
1
 EO
13
3
tE L. Padbadue i =

o5 075 1 125 15 175 2
P (GeVic)

soum. POF, pasuen: QCDC, poTTED: VMD

¢ pr-DEPENDENCE SIMILAR BUT SIGNIFICANTLY SMALLER
IN MAGNITUDE (AGREEMENT IS BETTER FOR
DEFAULT JETSET FRAGMENTATION PARAMETERS)

e POSSIBLY CONTRIBUTIONS FROM HIGHER-ORDER
QCD PROCESSES AND/OR CONTRIBUTIONS FROM
HARD INTERACTIONS OF THE HADRONIC STRUCTURE
OF THE PHOTON (SIMULATION OF THE DIRECT QCD
PROGESSES 1S RESTRICTED TO LO).

¢ GOOD AGREEMENT FOR THE DISTRIBUTIONS IN
OTHER KINEMATIC VARIABLES, E.G. AZIMUTHAL
ANGLE BETWEEN THE TWO HADRONS AND Apr =

TR B
157 | =177 |-

EXTRACTED SUBPROCESS FRACGTIONS

a 1 F T ] T T T
S ,0f pU>1.5GeVA
S 09F pT >1.5 GeV/c 3
§ 08 E T fogr =
N /
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07 F .... E
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fpar + focpe + frarp =1
dpay = -1 dgene =05
THE OBSERVED ASVMMETRY Ay IS LARGE

AND NEGATIVE WHERE PGF IS EXPECTED TO
DOMINANTE.

EXTRACTION OF AG/G

Ay = {Aperfecr + Aqonafoonae) D

frar, facpc: UNPOLARIZED SUBPROCESS FRACTIONS
D: VIRTUAL PHOTON DEPOLARIZATION FACTOR

AG
Apgp = {(drar(vG = a)){ G )

. SAN
Agepe = {agcoc(re = q(-f)l(';“/

HARD SUBPROCESS ASYMMETRIES DIRECTLY CALCULABLE

IN LO QCD: épgr == -1, &ocpe = 0.5
. AG, R Ag 3
Ap = (uysp o JeaE + aQCDC’E‘fQCDC) b,

AFTER APPROPRIATE AVERAGING OVER THE SELECTED

KINEMATICS:
Ay — & 189 ¢ )
AG Ay ool Iqeneis
G {apar)fear{l}

(dacpcD) = 0.15, (D) = 0.93

SENSITIVITY OF THE ASYMMETRY TO

AG/G
Q 5 T T T T T
f’% 06 F p’,’.’> 1.5 GeV/c SGE=T
£~ [
=04 f :
< r
02}
of ¢
-0.2
-0.4 |
-0.6 ¢ YT L
o= GSA(KAG/G> ~ 0.4) AG/G=+1
.08 L+-- GSB(«aG/G>-~0.3) ]
..... GSC (<AG/G> ~ -0.1)
-1 1 ' 1 ]

05 0675 1 125 15 175 2

MC PREDICTIONS FOR AG/( =: %) (LOWER/UPPER
SOLID CURVES), SMG/G == © (MIDDLE SOLID CURVE),
AND THE PHENOMENOLOGICAL LO QCD FiTS (DASHED,
DOTTED AND DOT-DASHED ('URV['ZS).
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EXTRACTED AG/G

c T
a -~ GSA(LO}
<98 --- GsBLO) h
——— GSC(LO)
0.6 | —— GASV(LO)std. and val. 3
0.4
0.2
0
0.2
04 E
10% 10"

X,
G
LO QCD FITS EVALLATED \T Q2 =2 GeV2.

(AG/G) = 0.41 % 0.18 (stat.) = 0.03 (syst.)

WITH 0.06 < zg < 0.28, {z¢) = 0.17

SNB AN o HECARETICA] ARISES
FROM POSSIBLE DEFICIENCIES IN THE USED MC

MODEL.

UV ERTA Y

SIGNIFICANT CONTRIBUTION FROM A NEGLECTED
PROCESS WITH A LARGE NEGATIVE SPIN ASYMMETRY
NECESSARY TO ALTER THE PRINCIPAL CONCLUSION
THAT (AG/G) AT {xg) = 0.17 IS £ 0735

89

SuMMARY AND QUTLOOK

¢

<

<z

NEGATIVE ASYMMETRY IN PHOTOPRODUC-
TION OF PAIRS OF HIGH-py HADRONS

Ay = ~0.28 £0.12 (stat.) = 0.02 {syst.)

FOR ph! > 1.5 GEV/c, ph? > 1.0

FIRST ATTEMPT FOR A DIRECT MEASURE-
MENT OF AG{z).

INTERPRETATION IN FRAMEWORK OF LO
QCD MODEL: {AG/G} 1S POSITIVE

(AG/G) = 0.41 £ 0.18 (stat.) = 0.03 (syst.)
AT (zg) = 0.17 AND SCALE (p7) = 2.1

GeVZ.

Future: MaAay 2000. STATISTICS ON
POLARIZED DEUTERIUM - TWICE THE
PRESENT STATISTICS ON HYDROGEN.

-+ CHECK DIFFERENCE BETWEEN LEADING
hT AND LEADING h~

— IMPROVE STATISTICAL SIGNIFICANCE OF
THE RESULT

> TRY TO IMPROVE THEORETICAL UNDER-
STANDING
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The COMPASS Collaboration I
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for Structure and Spectroscopy
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Physiscs with Polarized
Muons & Targets

¢ AG/G GLUON POLARIZATION
open charm
hidden charm
high pr hadrons

Au,, Ady, AG, As  FLAVOR DECOMPOSITION g,(z)
semi - inclusive 7%, K*, K0

/_\D{'I\ POLARIZED FRAGMENTATION FUNCTIONS
A, A polarization (zr > 0)

hi(z) TRANSVERSITY
semi - inclusive 7 with L pol. target (azimuthal dep.)

0\(z), g2(x) POLARIZED STRUCTURE FUNCTIONS
inclusive (high statistics)

TARGET FRAGMENTATION REGION
A polarization (25 < 0)
fracture functions

EXCLUSIVE PROCESSES
elastic vector mesons (p°, ¢, J/¥)
deep virtual compton scattering

A Dencnr DIN Couies BRT /0 Masad . n 1000

Physiscs with Hadron Beams

HADRON STRUCTURE

e Polarizabilities in Primakoff reactions (, K, p)

LIGHT QUARK SPECTROSCOPY AND GLUONIC STATES
e Search for glueballs in Pomeron - Pomeron scattering

e Search for hvbrids / exotic states

CHARMED HADRONS
e production phenomena (7, K, p beams)
o semileptonic decays
¢ leptonic decays
e precision measurements of ¢ - baryon lifetimes

e production and spectroscopy of cc - baryons (Zc., Q)

LY - TN DI Coan BT & 0 Narsboar 1000
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COMPASS
Rate Estimates for 100 GeV Beam
' proposaLY
. J+
Signal D ST and b — »° 7fs onL
N, = /ﬁdt X ofPT % _]-\_[T X B.R. X €get. tar.
= 4.3x10%cm™?day™ x 1.9nb x 1.2 x 4% x 23%
900 Events/day:  D*F — Dx? Toop =2 300 Events/day
Background:
Nm‘g. = /Ldt X C’ig, X Eaccidental..det. tar.
= 4.3x 10 cm™?day™! x 460nb x 1.6 x 107*
= 3400 Events/day: D*f — D=t Toope ~ 0 Events/day
~ 0AS & 0051~ 4§ () ~ 0.14 (after 24 years)
0.6 - 03 = N
B Photon Asymmetry Muon Asymmetry
Sk =02 B et e
< g2 N < 5.4 ] A /
C
0 0 °
0.2 - - - 0.1 —— e e e
01 0.9 0.1 0.5 0.9

¢ additional kinematic contraints (pr) on PGF

e

£ 0.10

y y
(gluon helicity distribution: Gehrmann & Stirling (1995) )

~ 5(89)

AL v*N—ce I3 A uN—cc for
200 GeV ' L0

Afy N—)cc A/.bN—)CC 1 AghhN—ce
D guN—=ct
D = depolarization factor
0.3 0.3
L I
v 0.2 B~ = 0.2 |
+ +
'8 0.1 '8 0.1
T T
z 0 Z 0
- E|
<d-0.1 — <.0.4
. I T R . P P T S
02 0720 80 120 160 200 02 0720 80 120 160 200
E, (GeV) E, (GeV)
0.3 03
i pr DO < 1 GeVic I py DO <1 GeVic
= 02 | o 0.2 |-
=3 2
+ B + o
18 0.1 |- '8 0.1
T T
£ 0 3z o
<EJ-o.1 - <.04 |
PR TR | | I Y . YR NS NN T R
02 0 40 80 120 160 200 0.2 0 40 80 120 160 200
E, (GeV) E, (GeV)
INPUTS: polarized pdf:  Gehrmann and Stirling, PRD 53 (96) 6100.
unpolarized pdf: Martin, Roberts, and Stirling, PLB 354 (95) 155.
A Denine DIOYU Cnls BNME & Q@ Neasnhas 1000




G end AG }on DI=NETS
ovd HIGCH Pr CORRELATED HADRENS

L£.0.(dg) Qc) DIAGRAMS FoR 2 1ET PRobducT/oN

— ET1
97" WA

oo
Q> o

X

G & | e
£ ™y qery & N
173 \ET 2

"RACKG.ROUILD " HAD2
:,@'

HH— A0, H
A G 2 SPKS A&(x\ AC P{/ +

AG('vﬂAGP"F[D

+ & 1] +

a5 a8 [y’ v 1em2]

S6

SCALE ~ Zg’:('“ 19 6oV " for high A houd)
4]— NOME ATUM FRACTION

q nosTLy m QuARKS (droxga 3 4~0.1)

HH
A HH As ™7 ~ ¢ PC-F><AG> c PeF
Le o HH a-ToT
c0n G- "
ARy =
TO ExTRACT (AG MUsT “SURTRACT " coMPTON RULEG
Gy Q
b m @y« S8

)

correlated high — p7 hadrons

IN—hTh—
A7r

Expectations for 200 GeV u's with °Li*H target
s Ldt = 2fb~! = 1 year of COMPASS

AIN — h+h-

Bravar, von Harrach, and Kotzinian, PLB 421 (98) 349.
h* b’ (p; > 1.0 GeVic) K* K (p; > 1.0 GeV/c)
02
r b
01 |- + )
Y S 3 -
T
.01 z 301 p- é
< L
02 |-
03 e
102 0" 1
n
05
04 - d)
03 |-
(3 02 |-
ot - 7.
3-0.1 (g [\ ———
0.1 |- )
) 02 |-
03 TN R .03 NPT TR
107 10" 1 107 10" 1
1 n

=0 (%G) ~ 5 % for each data point

dominated by systematics !

DT 2 0 Nacalias 1000
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Semi-Inclusive Results from the
Spin Muon Collaboration

(SMC)

Jorg Pretz
Yale University, New Haven, CT
on behalf of the Spin Muon Collaboration

A measurement and analysis of semi-inclusive asymmetries for positively
and negatively charged hadrons from deep inelastic scattering of longitu-
dinally polarised muons on polarised protons and deuterons in the range
0.003 < z < 0.7 of the Bjorken variable and for a momentum transfer
@? >1 GeV? is presented. From these asymmetries and the SMC inclu-
sive spin asymmetries we determine the polarised quark distributions of
valence quarks, Au,(z) and Ad,(z), and non-strange sea quarks, Ag(z),
at @*=10 GeV2. Combining all SMC data we find for the first moments
Jo Duy(z)dz = 0.92 £0.11 + 0.07, } Ad,(z)dz = —0.53 + 0.15 & 0.07 and
Jo Ag(z)dz = —0.02 £ 0.05 & 0.02, where we assumed At(z) = Ad(z) =:
Ag(z). The first moments for the valence quarks are consistent the with first
moments deduced in LO from SU(3) matrix elements F and D assuming a
flavor symmetric sea (A%(z) = Ad(z) = As(z) = A3(x)).

The z-range covered corresponds to 90% for the u, quarks and 84% for the
dy quarks (fo s Us(z)dz = 1.80, [T, dy(z)dz = 0.84), i.e. the extrapolated
region at low z amounts only to 10% and 16% for the u, and d, quarks
respectively. The low z extrapolation was obtained from fits to our data
using different parameterizations of the polarized quark distributions and
using parameterizations obtained from fits to inclusive data.

We also determine for the first time the second moments of the valence
distributions f; £Ag,(z)dz which we find consistent with recent Lattice QCD
calculations.

‘These results are published in Phys. Lett. B420 (1998) 180.
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Auy, Ady&Aqg

z(q" — ¢) = zAq(z) (points)

z(q" + qt) = zq(z) (lines)

unpolarized quark distributions (GRV)
|Ag(z)| < g(z)

05 F xAu ' Q=10 GeV*

0.25 [ ¢ +-+ %
= >0

-0.25 [

<0
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Integrals i3 Aq(z)dzx

X
., 0.003 , L 0.7
10 I 10 10 1
---mmd i f : |
fits to semi-incl. data and measured negligible
parameterizations obtained because unpol.

from inclusive data dist. are smali

7
AL
AR

Aan

P (2 2R
SREuad “‘“2“ -
Gt
S rfant

33
AL

e
oy

o

3
1

2

A = Au, + Ady, + 6AF = 0.26 +0.07 + 0.03
at Q2 = 10GeV?2,
published in PLB 420 (1998) 180

syst. error: unknown fragm. functions, Pz, Pr, ....

Assuming Au = Ad = nAs = A5 and varying 7
in the range 0.25 < 5 < 1.5 changes [ Awu,(z)dz by 0.006
= sensitive to non starnge quarks only :
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Assumptions:

(1) SU3) sym. sea (AT=Ad=As=AS3)

(2) SU3) sym.in (Au,=Ad, ,Au, = Asy, ...
baryon octet

=g " =]Au,-Ad, dx , g " =]Au +Ad, dx

°

strongly depend SMC
on(1) & (2)

Au(x)dx= 0.92+0.02 0.77 £0.10 £ 0.08
Ad (x) dx =-0.34 + 0.02 —0.52+0.14 +£0.09

T e v it}
g es o O T e SR S

S
R T R e e o
T e Vo ) -

Z St wenBion R 8 G T Lo
R AN SN Sk MEPTS HE

~~"g~§i~,;_m Giirerieme ST

A R S T DA Ve e

2nd moments of the valence distributions

M. Glockler et al.
hep-ph / 9708270 SMC

[x Au(x)dx= 0.189+0.008 | 0.155+0.018+0.010

Jx Ad(x) dx = —0.046 + 0.003 | —0.056 £ 0.026 = 0.011
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® Au(x)>0, <Auu~= 50%
polarisation increasing with x

Ad(x) <0, <Ad/d>~-50 %

AQx)=0, 2]Aqx)dx= 0.02+0.10

J As(x) + As(x) dx = —0.11 £ 0.03

® first direct measurement of
polarised quark distributions ‘

® gcood agreement |

st moments <> baryon decay constants
2nd moment < 1QCD
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PHYsICS RESULTS FROM HERMES

Porarizep QUARK DISTRIBUTIONS

RALF KAISER - DESY/ZEUTHEN
OX BeHALF OF THE HERMES COLLABORATION

RHIC Spin WorksHOP, BNL, OCTOBER 1999

o SEMI-INCLUSIVE
DEEP INELASTIC SCATTERING
® POLARIZED QUARK DISTRIBUTIONS

o COMPARISON TO PREDICTIONS

o OUTLOOK

RESULTS ARE BASED ON THE DATA TAKING PERIODS
1995-1997 OF THE HERMES EXPERIMENT AT HERA.

Flavor Decomposition of the Polarized Quark Distributions
in the Nucleon from Inclusive and Semi-inclusive
HEP-EX /9906035, TO BE
PUBLISHED IN PHYS. LETT. B

Deep-inelastic Scattering,

EXI“EPI\{:NTAL DerTeRd MINATION
9:/F1

'1"

THE RATIO

2 A
R > q€3q- D}
B 5 . Dh
£ 57 e2q - Dk
1S RELATED TO THE MMEASURED [EFTON
NUCLEON asvMMETRY A BY
m(h) 1 '455(1') g(h)
}"E(h) - 1+I7’)' D ’7(7 'fl) (h)

()

F'ROM THE ASSUMPTION g5 = 0 FOLLOWS

h) A, (
o A4,

T T D1+ )
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SeMi-INCLUSIVE DIS

IN SEMI-INCLUSIVE DEEP INELASTIC SCATTERING
A HADRON %t IS DETECTED IN COINCIDENCE
WITH THE SCATTERED LEPTON.

(B~
(E. p; /
L S5 S

® SELECT HADRONS FROM THE CURRENT FRAGMENTATION
REGION BY CUTS ON
z=fnfv > 0.2 a8D ap = 251 /W 2> 0.1

e IN LO QCD (ASSUMING SPIN INDEPENDENGE OF

FRAGMENTATION):
T 2Y . Y00 N
g{l (x Q2) = f"’nln Z l]\"’:‘ (ﬂ ) !1( it
P - e2g{xr, Q%} - iz, 3%
1 f-mzn -~ Z 27
{229)g: (POLARIZED) QUARK DISTRIBUTION
23%: FRAGMENTATION FUNCTION
SEMI-INCLUSIVE ASYMMETRIES
(a) (b) ©)
8T A @ CAY () U A (0 }
o5 L* HERMES Q@ o vzmves || ferneAves (| |
T FeE143 fosMc 9] fesmc IO
C s r -
¥ L o
0.4 b é:é - ::, ] # r l% <
%& L i l I {
- . ® % ) O .
Y S MR
3 SE-F e
P A i) i’ L | |
o H o :
F "} _- | !
z. 2:cd 1 IS U ad e 1.
03 E A, CHe) EA™ CHe) E A (He) T
02 —¢ HERMES - - ‘
oq =2 B84 b 3 bl
£ T r E + ** . E P
o - !, . § .
OEpXod§aAb+% '*?7%7. - } I r
01 = L | E* 1 |
E £ . E | |
02 & - I - Lo
13 — £ F
03 & T el il 3 .
004 0.1 1004 01 1 0.04 D1 1
X
f) INCLUSIVE ASYMAMETRIES IN COMPARISON To SLAC
(b) SEMIMINCLUSIVE  ASYMMETRIES FOR POSITIVELY CH\RGED
HADRONS I\ COMPARISON To SMC
f0) SEMILINCILSIVE ASYMMETRIES FOR NECATIVELY CHA\RGED

HADRONS IN COMPARISON To SMC

[ERN A SRS L A T

Vi
e gy

MEAN QT O oy

e hdl T,
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Ag-EXTRACTION

¢ REWRITE PHOTON~NUCLEON ASYMMETRY

2 Ly L 35N
h _ eg gla} - £y Ag(z)
Af(z,2) = RPTS =1 olo)
q Zq' eq’ q (‘(’} R 2 \z,i Q\xl

~

BRf o Y
£ o PR

o Purry f*{z, 2z} GIVES PROBABILITY THAT
A QUARK g¢(z) WAS STRUCK WHEN A
HADRON h(z) IS DETECTED

o PURITIES ARE SPIN-INDEPENDENT QUANTITIES
(FRAGMENTATION PROCESS SPIN-INDEPENDENT)

e DEFINE
L [ap® o . fAnE@)adz)
A= o [" =
Atm(") ' o ”: - © (Aqn(x"/"ln (=}
WHERE 7} {+} = ';’ﬁ5 Fleoz) dz
v asa

e TO EXTRACT QUARK POLARIZATIONS SOLVE

PuRrITIES

——
PURITIES Pl’: 2.dd FOR A PROTON TARGET:
POSPTIVE HADRONS  NEGATIVE BEADRONS
1
I RN & I ] "
o84 PL L P - P | L+ Pa
- <
os ores i L il
M'.WA‘
04 L - =
0.2 0 - '1:‘,".‘-.*._"
0 A .l Aat) x.' e .I .l
ok ph | . p¥ |« pE | . p¥
0.6 - L - -
o4}t L = +
N ! remAvaa
0.2 T, - — -~ r;
° i T T 1 e [Poasasa,
-1 -1 -3 -1
10 1 19 1 10 1 10 1
X

o ht h~-ASYMMETRIES ON
DOMINATED BY Au{r)

THE PROTON
e SEXSITIVITY TO Ad{x) = Au,(z) vIa
NEUTRON (3He) DATA

o SENSITIVITY TO Afi. Ad = 10% FOR z <0.2
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WHERE DO THE PURITIES
COME FROM 7

e SMC: PURITIES

2 AN o Y

ofr. o e a(z) - D‘? i
AL 2 i (N
> g € @'} - DoLz)

.

ARE DERIVED FROM MEASURED [¥{z} AND
PARAMETERIZATIONS OF g{x).

¢ HERMES:

e
e o
i 54

pres ¥ :

s 2
ties W NN A avare

Fravor DECOMPOSITION

06 [ (Ausaly(ust) {
0.4:— . t
b *
02 r *« °
: L ] * .
0L i s T T T -
05 & (adeadyiasd) T
. o * ..........
05 F
E R
R =i 1 P
05 F aquq, |
! (3
0 . 6 ..... + R SRR | .............
1 ?
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1 .
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FLAVOR DECOMPOSITON OF QUARK POLARIZATIONS
AS A FUNCTION OF 2 AT MEASURED Q.
SEA ASSUMPTION (1):

:_f\_';'_’f. -t

Moo od o, AT As _ AS
Gy u. i, . o4 s 5

- DIRECT DITFERMINATION OF As NOT VET

HACCIDT T VT LIRS vy




VALENCE AND SEA QUARK
DisTRIBUTIONS

XAU
0.05 | ﬁ *l }\
[V St ‘+ +
005 F %
0.1 e ca—
0.03 0.1

POLARIZED VALENCE AND SEA QUARK DISTRIBUTIONS
AT Q% = 2.5 GeV? COMPARED TO SMC IN THE
HERMES RANGE OF x.

SOLID LINE: POSITIVITY LIMIT

DOTTED LINE: GEHRMANN/STIRLING (GLUON a, LO).

SMC sea ASSUMPTION (2):
Au, = Ad, = As = At = Ad = AS.

INTEGRALS OVER MEASURED RANGE

INTEGRALS OVER THE MEASURED RANGE OF T
ARE OBTAINED AS

WHERE (Ag/g)|; 1S CONSTANT WITH EACH BIN
[:En Ii-f-l]'

HERMES | SMC
Au, 0.52+0.05 £0.08 | 0.59%0.08 + 0.07
Ad, || —0.1940.11 £0.13 | —0.33+0.11 & 0.09
An || —0.01£0.02+0.03 | 0.02+0.03 = 0.02
Ad || —0.02+0.03 £ 0.04 0.0240.03 &+ 0.02
A5 || —0.01£0.02£0.02 | 0.01%0.03 =+ 0.02

COMPARISON OF HERMES AND SMC INTEGRALS
IN THE HERMES 2-RANGE OF 0.023 < z < 0.6.
ALL VALUES GIVEN AT Q2 = 2.5Gel ™.

= HERMES aND SMC
AGREEMENT

RESULTS ARE IN

COMPARISON TO
PARAMETERIZATIONS

X {(Au+Au)

0.3 f—De Florian/(1+R) .~ .3
E-~—Glick(1+R) - J\%
025 F. _ grex

02 |

----Gehn'nann'."’
0.15

0.1
005 F

LARAWRARSN LAS NS R RS

o
T

x (Ad+ad)
o
-t
T

0.05 f

[=]
T

T

-0.05
-0.1
-0.15
-0.2
-0.25

T T

DE FLORIAN AND GLUCK PARAMETRIZATIONS
CORRECTED BY A FACTOR OF (1l + R) TO
ALLOW FOR DIRECT COMPARISON.

SpiN CONTRIBUTIONS
COMPARISON TO PREDICTIONS

| TOTAL INTEGRAL | PREDICTION |

Au+ Az || 0.57+0.02£0.03 0.66:0.03 | SU(3)

Ad+ Ad || ~0.25+0.06 £0.05 | —0.35%0.03 | SU(3)

As 4+ A5 || —0.014+0.03+0.04 | —0.08+0.02 | SU(3)
Aqy 0.3040.04 + 0.09 0.234+0.04 | SU(3)
Ags 0.8440.07 £ 0.06 1.01£0.05 | BJORKEN
Ags 0.334+0.10 £ 0.11 0.464+0.03 | F& D
Au, 0.5740.05 £ 0.08 0.8440.05 | LaTTICE
Ad, —0.22+0.11 £ 0.13 | —0.254£0.02 | LatTICE

¢ FLAVOR SEPARATED FIRST MOMENTS DIFFER FROM
SU(3) PREDICTIONS, BUT THE UNCERTAINTIES DO
NOT ALLOW A STATEMENT WHETHER SU(3) FLAVOR
SYMMETRY 1$ VIOLATED.

o Agy = du + Ad 4+ As AGREES WELL WITH THE
SU(3) PREDICTION.

e Agz = Au — Ad 1S IN AGREEMENT WITH THE
BJORKEN SUM RULE.

o Ags = Au + Ad — 2As 1S LOWER THAN THE
PREDICTION. BUT STILL CONSISTENT.

e A, OVERESTIMATED BY QUENCED LATTICE QCD



SUMMARY

¢ A" MEASURED ON 3He AND 'H TARGETS

& POLARIZATION FOR u QUARKS POSITIVE,
FOR d QUARKS NEGATIVE AND FOR SEA
QUARKS COMPATIBLE WITH ZERO

¢ SINGLET COMBINATION Ag; AGREES WITH
BJORKEN SUM RULE

¢ FLAVOR SEPARATED FIRST MOMENTS DIFFER
FROM INCLUSIVE RESULTS BASED ON SU(3),
SYMMETRY

{> OCTET COMBINATION Agg LOWER THAN

THE VALUE OF 3F — D PREDICTED USING
SU(3) #» BUT STILL CONSISTENT

CHARM MESON CANDIDATE

THEE HermMeEs RICH

Pantos: Detector

Particle
Track

. |

Astogst Mirror
PMT Array
Riror
EEEI
S T

HerMes RICH - AVERAGE ANGLES

R 20 €rene 0097411 Tome
Pertcw T e 3 - B3 w b
MomertumOevn) 33 132 wm

Trpaew LT Lmctron

Poston Top Somem  Sorom

1 crmone uty

[kt DU

Qg [rad)

o5 -~

v
e s, ;
s
i,
= A

005 =~

14 16

e 20
p [GeV}

= DESIGN RESOLUTION REACHED FOR GAS
AND AEROGEL (WITHIN 10%).




QUTLOOK

{> IMPROVED PRECISION FOR Ad(z) WITH
DEUTERIUM TARGET

¢, K,p ASYMMETRIES AND FRAGMENTATION
FUNCTIONS FROM RICH DATA

{> SEPARATION OF LIGHT AND STRANGE SEA
POLARIZATION
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Flavor asymmetry of polarized parton distributions
in Drell-Yan processes

S. Kumano *

Department of Physics
Saga University
Saga 840-8502
Japan

ABSTRACT

First, we discuss polarized proton-deuteron (pd) Drell-Yan processes in order to investigate
new spin structure of a spin-1 hadron and also flavor asymmetry in polarized antiquark distribu-
tions. Our general formalism indicates that there exist many structure functions; however, the
number is reduced if the cross section is integrated over the dilepton transverse momentum Qr
[1]. A parton-model analysis suggests that one of the structure functions should be related to the
tensor polarized distributions [2]. There are some experimental possibilities at FNAL, HERA,
and RHIC to study the polarized pd reactions. '

Next, using our pd Drell-Yan formalism, we discuss the relation between the ratio of the pd
Drell-Yan cross section to the proton-proton (pp) one Ar)0pa/2A 1)0,p and the flavor asymmetry
in polarized light-antiquark distributions. The asymmetry in the unpolarized distributions is now
an established fact [3]; however, little is known in the polarized case. The results in Ref. [4]
indicate that the difference between the pp and pd cross sections is valuable for finding not
only the flavor asymmetry in longitudinally polarized antiquark distributions but also the one
in transversity distributions. Because the flavor asymmetry in the transversity distributions
cannot be found in W production processes and inclusive lepton scattering due to the chiral-odd
property. it is important that we point out the possibility of using the pd/pp ratio.

References

[1] S. Hino and S. Kumano, Phys. Rev. D59 (1999) 094026.
[2] S. Hino and S. Kumano, Phys. Rev. D60 (1999) 054018.
(3] S. Kumano, Phys. Rep. 303 (1998) 183.

[4] S. Kumano and M. Miyama, hep-ph/9909432.

* kumanos@cc.saga-u.ac.jp, http://www-hs.phys.saga-u.ac.jp
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Purposes for polarized
proton-deuteron Drell-Yan

e New spin structure of spin-1 hadrons

tensor distribution (b,)

no theoretical description
for polarized pd Drell-Yan
until recently

e Flavor asymmetry u/d

unpolarized case (established fact)

——— polarized (totally unknown)

e possibly at RHIC ? (or FNAL, HERA)
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Spin asymmetries in the parton model ( / dOr case>

Unpolarized cross section

do a? p—
- OW
<d:cAd:anQ> gz (L eos ) Wr

=W(1+cos€ Ze I $A)f1($B)+f1($A)f1($B)]

Spin asymmetries

P S WA U A CORNGACOLACD)
AWr  Yo.€ [ [1(wa) fi(@B) + fi(z4) fi(zB)]
sin @ cos 2¢ U;‘T ,
l1+cos?d Wr
_ sin®0 cos(2¢) 30, €3 [Rf(za) hi(zp) + hi(za) hi(z3)]
- l4cos?@ Yo e [fi(za) fi(an) + fi(za) fi(zB)]
Ay = tan(2¢) Ajr

V% 3, [f¢(aa) bilas) + Fi(cs) B(es)]
Wr  >u€ [ Fi@a) fi(we) + fi(za) f2(ws)]

Ay = Aqy = Adp =

Ay Qo —

Arpr = Arp = Ayr = Aty = Arg, = Avg, = ALg,
= Arg, = Aug, = ALg, = Arg, =0

Advantage of the hadron reaction (b¢ measurements)

o~ex'z2a afl( L ( B)
Apqo(large zr) Z, e; fi(za) fi(zp)
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p-d asymmetry Rpd (x; — 1)

A(T)uv(x—> 1) > A(T)dv(x—é 1)

‘A(T)ﬁ(xz) — A(T)H(Xz) :

Ro(xp—1)=1-

2 Ayl

1+

Sl

D=

if Ayl < 0

)
|22

o)

-X2—>O

Ami>Aqd = Ry(xp—>1)>1

Al <Apd = Ry(xp—1]<1
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Rpd (LO evolution)

—— Longitudinal A ,G™

2 A0
- - - - Transverse M

1.5

vS =50 GeV
Muu =5 GeV
I VR Py S 06 08
XF
Al :
r=""--07,10,13 at Q>= 1 GeV?
Ad
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Rpd (c.m. energy dependence)

1.5

— /S =50 GeV

--- /S =200 GeV
- VS =500 GeV

q=0.7

AT
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Summary

e P, T, H—» many structure functions
' iNp+d—pu +X

e New functions —» tensor structure
(measured by quadrupole spin asymmetries)

e b, and particularly b, can be
measured by A, .

A o A W i
* Ry=5 X()T) is useful for finding A“)u

especially atx,— 1.

Qll

(T)

® The above point is important in the transversity,

for which W production and inclusive lepton
scattering do not provide information.

e Future pOSSIbIlIty at RHIC !?
(FNAL, HERA)




Discussion on Quark Polarization
Measurements

Naohito Saito

The institute of Physical and Chemical Research (RIKEN)
Wako, Saitama, 351-0198, Japan
and
RIKEN BNL Research Center
Brookhaven National Laboratory
Upton, NY 11973

Abstract

We discuss the possible ways to measure quark polarizations in the proton with flavor
decomposition. Since polarized deep-inelastic scattering is the only source of information
on the quark polarization, we only know the linear combination of them weighted by
electric charge-squared. Using charged current scattering at higher energies either pp or ep,

it should be possible to decompose into each flavor.

These transparencies were used to initiate the discussion. Some comments and questions

raised at the meeting were also included.
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Why Interpretation?

» Because we want to come to a universal
view of hadron induced reactions.

— “polarized gluon distribution” Ag(x) is relevant
to pp -> HX not Ag(x)+L,(“x”)

* So we want to interpret the results in
— Gauge Invariant Framework, if possible

— QPM, the most widely accepted model which
have been playing crucial role in the SM

Discussion of Quark Polarization

Measurements

RHIC Spin Collaboration meeting,
.. October 6-8,1999

Q\/ Naohito Saito
RIKEN / RIKEN BNL Research Center
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What we know from pol-DIS?

e Three different styles:

— SMC style:
* 4-indep. Functions: AX(x), AgPys(x), AgPyg(x), Ag(x)
* quark part equiv. to:
ay(x)=Au(x)+Ad(x)+As(x)
as(x)=Au(x)-Ad(x)
ag(x)=Au(x)+Ad(x)-2As(x)
equiv to : Au(x),Ad(x), As(x)
- ABFR(Altarelli, Ball, Forte, Ridolfi) style:

* similar to SMC but assumes: a;(x) <ag(x)

— PDF-style:
* 4-indep. Functions: Auy(x), Ady(x),
As(x)(= Au,,,(x)= Ad,,(x)), Ag(x)
Why do we need Ad(x)?
, FAg,(x)
* Examples: APy < B _ 2 -
’ [P Yelq
— Prompt Photon (
° gl C ton: 2Ag.
gluon fmp ¢ Ag(x) zi‘e‘ Aq,(x).._ o
ALL(PT)—GLL(Qg-%YQ)' N 3 ,l—Lt,ll,d,d,S,S...
gx) Y elq(x)
¢ annihilation: Ze,.qu,.'(x)A@(x)
p—t q . = _d.C_{, ,_...
A, (pr) a,:L(qq —72) Zeizqi(x)qi('x) i=u,u,d,d,s,s
— Jet Production: i
,/ "9 G AL T
89 — 89 N

GO =L
o

ue
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What we can do?

Semi-inclusive DIS

W *Experimental feasibility:

¢ rate, background

Drell-Yan .

High-pT jet? *Theory basis:
W+charm? *FAQ: factorization OK?
Gamma+charm? *pQCD

Comments and questions at the meeting
— CCin eP collision (mentioned by Bob in the discussion)
- uinp=dinn?
— ZHe+p collision at 240 GeV+ 350 GeV possible?
- Hi-pt DY to look at g(x), Ag(X) ...

What used in unpolarized case?
Martin, Roberts, and Stirling Phys.Rev.D50(1994) 6754

Process/ Leading order | Parton determination Process/ Leading order | Parton determination
Experiment subprocess Experiment subprocess
DIS (uN = X} |1 —+¢ Four structure functions — pp 34X qg =14 g{z ~ 0.4)
BCDMS, NMC u+d WATQ (CAS)
124 2o d+d
#+d pN = p*p™ X lgg—=7" g=.-(1-2)%
DIS (N — X} | Wg—+ ¢ s (assumed = 3), E§05
CCFR (CDHSW) but oaly [ zg{z)dz = 0.5
FyN cFeN [& — d is not determined) pp,pn = ptuX | ug,dd =+ ° (8—-d)atz=018
NAS51 ud,di —+~°
uN = 28X Te—tc cx01s at Q3
F§, EMC PP+ WX(ZX) {udW u,d at T,z & M3, =
CA2, CDF, DO z % 0..3 CERN
yN - ptp-X Wes—c s 43 (or £d) z 25 0.05 FNAL
CCFR < pt — W asym slope of u/d at z =5 0.05
CDF
DIS (HERA) 7'9—¢q X
FF (H1,2EUS) (=g~ zg ~ =7, viz g - ¢§)

*No neutrino exp for polarized case...
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Progress Report to the
Annual RHIC-Spin Collaboration Meeting
BNL, October 7, 1999

How could CP-invariance and physics beyond SM be tested in

polarized proton collisions at RHIC?!
V. L. Rykov
Wayne State University, Detroit, MI 48201, USA

Outlook:

e The motivations to search for CP-violation at RHIC with polarized protons in modes
other than B-decays are presented.

e The measurable single- and double-spin asymmetries which could be an indication of
CP-violation and new physics in W*- and Z°-production by polarized nucleons (and
leptons) are discussed.

e The example of a phenomenological extension of SM, which generates the asymmetries
of interest, is provided.

o RHIC sensitivity to the “illegal” (in Standard Model) spin correlations is estimated.
Summary:

- In polarized particle collisions, the presence of two axial vectors of initial polarizations,
fully controlled by the experimenters, dramatically increases the number of available
for tests correlations and asymmetries. This makes high energy colliders with
polarized beams to be a powerful tool to search for and study New Physics beyond
the Standard Model, including CP-violation at the energy scale of W- and Z-masses
and above.

- The future e*e™-, u*u~-, and particularly pp-colliders with two polarized beams would
clearly be the best to search for and study model independent CP-violation.

- While not absolutely unambiguously and model independent, CP-violation beyond SM
could also be tested in W=*- and Z%boson production in polarized proton collisions
at RHIC by comparison the relative signs of various asymmetries (if found nonzero) in
(presumably) CP-conjugate processes at a parton level. In the best scenario of detecting
several CP-odd and CP-even unusual correlations in the same processes, the only
alternative to CP-violation might be ... even worse: for example, to completely discard
the current picture of W#- and Z°-production from quark-antiquark annihilation.

Thep-ex/9908050, Submitted to Nuclear Physics B on July 14, 1999.
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V. L. Rykov. Search for CP-violation and new physics at polarized colliders 6

EXAMPLE:

Phenomenological interaction Lagrangians:
(G’. L. Kane, G. A. Ladinsky, and C. P.Yuan, Phys.Rev. D45 (1992) 124)

Charged current:

g —_ — « b))
L, = m{[Wﬂ a"(fi + fivs)gu +he] +  “Vector

]_ . v — 44 vy
_I_K[aVW,u 940" (f3 + fo vs)qu + h.c]} “Tensor

where 75 = —iy%y!y2y3 and o# = (fy“fy — ¥¥y#); A is the “nat-
ural” energy scale for the “tensor” couphng, ¢, and gg are for the
“upper” and “lower” quarks, respectively.

The usual (V' — A)-interactions correspond to fi" = f{ =1, and

all ffg) = 0. CP- and T-symmetries are broken if any or
all fi* are complex.

Neutral current:

- Q_Qﬁ{[zgw(fﬁff 75)q]+i—[8y22qa“”(f2+ +f3 75)a)}

Formfactors fi and f; are real; CP- and T-symmetries are
broken with nonzero and purely imaginary formfactor fs:

fy =dlm(fy) #0

120




—(/j)aj>own A s*gowmezlfrg

~ f{e/z‘c/‘fy (‘na/epena’eu_f_ //e/c‘c(‘_'{z o/gpeno/enf

/;) /1)
e t .~ 7« fy & -
Tt / Dot
ot et

24/+ 74 ,{ve
/ T

i N
. t-—i-azé-;\-éj\ —

~
N\
——-———(Z—-—E{'—} \'41+—

~ e S P
. / A ')/_ \>\
.." ]/l

C/Q—even: same scgy CDIO—*GVQW‘ céawes fi@")
C_p._ odld: E%aﬂes Segn CP oold : SQme S 2n

4 (7). Aw/\(z_ ©)]




V. L. Rykov. Search for CP-violation and new physics at polarized colliders 8

| My 2,2 “Vector-Vector”:
(Potentially) Large double-spin asymmetries:

T-even (and CP-even in this particular model): Azz:
Allowed in Z- but strictly prohibited in tree-level V-A W-production

Ao (LI P =1 7 )& + ) (&g - me) — 3(CF - 6L — (mp - 1)}

Parallel spins PerpegdiCMar sgins
11 4 ky 1 4___}“ 4 ky TE_S,

—

AN

+ CoS 2¢ +sin 2¢

T-odd (and CP-odd in this particular model): 45° rotated Azr:
Strictly prohibited at tree-level SM for both W- and Z-productions

A o< HIm(fiF i) {ny - [$; % npl (g - 7a) + M - (¢ X mp) (€5 - )}

Parallel spins Perpendicular spins
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V. L. Rykov. Search for CP-violation and new physics at polarized colliders

| My; |%: “Tensor-Tensor”:
(Potentially) Large T-odd double-spin asymmetry Ao, :

d :
—= o Teven+ Im(f5 fy ) (mp - [CF X ¢F))
Cq .
q pa
S ]
Cq
P, P,
L " R
Aoy =of —of o< Im(fS f,)
CP-conjugation: |
of(gus) & ot (aiz) ot (ads) & of(aa,)

Corollary:
CP-even (spurious): Ac,(q4q,) = —Aoc1(q.q,)
CP-odd (true): Ao (g4G,) = +A01(9.74)
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V. L. Rykov. Search for CP-violation and new physics at polarized colliders 13

Back to the Earth (Q & A)
Q: What is the expected RHIC sensitivity to “illegal”

asymmetries?

A: At pp-interaction level, it is ~1%.

W=* and Z° event rates at /s =500 GeV for
/ L-dt =800 pb~!; Cuts: Pp* > 20GeV/ec.

(A. Derevschikov, V. Rykov, K. Shestermanov, and A. Yokosawa. Report to the SPIN-94.)

STAR.b | STAR blec | STAR b2ec
W+ 64,600 71,500 78,400
W= 15,000 20,600 26,200
Z0 2,700 4,200 6,200
PHENIX_1x | PHENIX 24 | PHENIX e
w+ 4,650 9,300 14,900
W~ 5,050 10,100 2,600
A 25 310 120

1 ~700 without Pr-cut.

Q: How large could be the discussed asymmetries at pp-level?

A: CP-odd double-spin:
~(0.03-0.05) xIm(F1 Fy) where F} 5 are for either fif or
f& X My, z/A, depending on the particular asymmetry.
CP-odd single-spin:
~/(0.03 — 0.05) x Im(f1 f2) X My z/A ~
N(0.1—0.3) XIm(flfz"‘) X Mvv,z/./\
O. Martin, A. Schafer, M. Stratmann, and W. Vogelsang. Phys. Rev. D57, 3084 (1998)
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Spin and the Well-Dressed Quark, presented by John Ralston

There is a subtle problem of interpreting spin-dependent measurements in a gauge theory such
as QCD. Contradictions of present interpretation may even force revision of very basic concepts. The
difficulty is old, going back to electrodynamics and J. H. Poynting’s derivation of a conserved energy flux
in Maxwell’s theory. Poynting’s method is incomplete, because concepts of density of energy, momentum,
or angular momentum exist only after specification of Lagrangian coordinates, and cannot be separated
from them; even the numerical value changes when coordinates change. Gauge theories with vector
potential (A) as coordinate lead by Noether’s theorem to expressions for densities of Poincare’ symmetry
generators that are gauge-dependent. Such quantities cannot be compared directly to experiments,
which measure thing that are gauge-independent. This is the source of confusion and debate over spin,
orbital angular momentum, and other quantities in QCD.

Since experiments cannot measure quantities conjugate to standard coordinates, perhaps coordinates
can be built to match what can be measured. I seek gauge-sector coordinates for which the theory’s
Poincare’ generator densities will be gauge-invariant. Let T# = £8L/8¢ .6, - gu.L be the energy
momentum tensor for ordinary fields ¢ that carry color, and described by Lagrangian density L. The
notation is ¢ , = 9,¢. Let A%(e) with color indices a, b represent the potential in terms of new fields e
and their derivatives. Transferring ordinary derivatives to gauge-covariant derivatives is accomplished if
5P A = (DA% /B8 )&, - This is solved by a representation

gA®(e) = - iezaéz.

Under a local color transformation U%(z),e2(z) — U®(z)eb(z) one finds the derived A(e) transforms
like the vector potential. There is a constraint ezéz = §%® of geometrical origin, which is invariant under
global unitary or orthogonal transformations V on the p (non-space-time) index. The representation
and dimension of V' are unspecified, subject to consistency that the §A variations are reproduced by
de’s. This implies certain minimum requirements on the number of parameters describing e.

Using the e coordinates it is found that the gauge sector Tiouge = FPPFY — g#VL which is the
‘Poynting” expression. The quark (1)) angular momentum density is the one obtained by replacing 84 by
Dvp, where D is the gauge covariant derivative. The gauge-sector angular momentum is entirely orbital,
provided e transforms like a Lorentz scalar, which is the simplest representation. Such expressions have
often been postulated improperly for the standard variables, via the illigitimate notion of adding ad-hoc
pure divergences that “change nothing”. Indeed canonical transformations are implemented by pure

divergences, so new coordinates are implied by both the new and previous approaches.

‘These considerations at the classical level are proper to discussion of symmetries. Apparently the
entire theory can also be mapped into the e’s at the quantum level; whether this challenging technical
problem can lead to a practically useful representation remains to be explored in detail. It is very
fascinating that new invariants are allowed with the new coordinates, which can describe quark dressing
and concepts such as a mass gap or “gluon mass”. Thus the “spin crisis” raises a deeper crisis of
interpretation of the gauge-sector. Certainly A is a useful coordinate for perturbation theory. The
non-perturbative nature of measurements, however, suggests that diffferent variables transforming like
ey, are better suited to the physical interpretation of spin experiments.

For references, see J. P. Ralston, preprints (1997, 1999); Found. Phys. (in press); Proceedings of
QCD-ISMD (Brown University 1999) (in press).
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Pion Inclusive An at 21.6 GeV
from C and H2

{ ES25 )

ANL, BNL, IHEP Protvino, Indiana U, RIKEN, Kyoto U,
U of Tokyo Penn State, UCLA

Presented by D. Underwood
High Energy Physics
Argonne National Lab

for RHIC SPIN Oct 7, 1999

Measurements of the spin Asymmetry An for p C -> pi+, pi- +X
and p p -> pi+, pi- +X are presented. The data on H2 are preliminary.
These measurements were made at BNL in 1997 and 1999.

The experimental setup used hodoscopes and ananalyzing magnet.
Polarized beam from the AGS was extracted and collimated. Beam
intensities of up to 1077/spill were utilized in the experiment.

The inclusive data for the two beam polarizations were normalized to
A luminosity monitor. A measurement of pp elastic asymmetry was done
Simultaneously to normalize the beam polarization. Features of the
setup, trigger, analysis, and systematic errors are shown in the
transparancies.

It was found that the pion inclusive asymmetry from Carbon
is the same as from Hydrogen, within errors. This was contrary to
some expectations. Thus, if this process is used in a polarimeter
for RHIC, a Carbon target would give absolute polarization as
well as a H2 target. A limitation on the Absolute Analyzing power
comes from the limited knowledge, about +- 12 %, of the An
(pp elastic) used to normalize this experiment.

The structure of the asymmetries for pi+ and pi- vs Xf
is remarkably like that found at 200 Gev. The pi + and pi -
have the same differences from mirror symmetry at both energies.

The structures move as a function of root(S), as also seen

in some older, incomplete data from 11 GeV. About a dozen theoretical
papers on this type of pion asymmetry do not describe these features
in any detail. :
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E925 - Measurement of Pion-Inclusive Ay at 21.6 GeV/c

E925 measured 7% and proton inclusive analyzing powers at 21.6 GeV/c,
and verified that they are large and have the same signs and general ap-
pearance as do the 200 GeV data.

There were two running periods:

November 1997 - Carbon Target P UB LISHED
PLB 451, iz (919

March 1999 - Hydrogen Target P RE &IM __l_/_VAK r
—
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E925 - Measurement of Pion-Inclusive Ay at 21.6 GeV/c

Experimental Layout:

CERENKOV

S3

The Experiment was done in the B1 line at the AGS.
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RECENT RESULTS ON.INCLUSIVE PION ASYMMETRIES
S.B. Nurushev
Institute for High Energy Physics, 142284Protvino, RF

Recent measurements of the analyzing power done by groups FODS-2,
PROZA-M (IHEP, Protvino) and E925(AGS, BNL, Upton) are reviewed.

1. FODS-2 team produced and used the polarized proton beam of 40
GeV/c from Lambda decay(see Table 1, where the E704 polarized beam
parameters are presented too for comparison). FODS-2(Fig.l) measured
the analyzing powers for pi(+,-), K(+,-) and p, anti p at 40 GeV/c.
The particle identification power can be seen in Fig.2 The measured
kinematical region was: x_F=0.02-0.ll(central region) and p_T=0.7-3.4
GeV/c. For pions and kaons the x_T dependences seem similar to ones
seen at E704 in forward direction, while data for p appear not

depending on x_T.(see Fig.3-6). FODS-2 plans to increase statistics
by 40 times in oncoming runs.

2. PROZA-M collaboration uses the polarized propandiol target
installed on 70 GeV/c unpolarized proton beam, The schenwe of
apparatus is presented in Fig,7, while its mass resolution can be
seen in Fig.8. The measured kinematical region was: X_R=x_T=0.2-0.5
and p_T=1.05-2.95 GeV/c for EMCl and xX_R=x T=0.3-0.4, p_T=1.75-2.35
GeV/c for EMC2. Both EMC1 and EMC2 were installed at 90 degr. _

in the c.m.s. EMC3 has an acceptance: x_R=0.25-0.5 and p_T=1.7-2.2
GeV/c. While asymmetry for EMC and EMC2-is consistent with
zero(Fig.9), EMC3(having x_F around -0.3) shows nonzero negative
asymmetry growing with x_R(Fig.10). This is a direct indication that
the analyzing power in the polarized proton fragmentation region

might be significant. Proza-M plans to extend x_F region up to -0.8
in near future.

3. E925 experiment aimed to measure the analyzing power in the
inclusive pion production at the RHIC injection energy 22 GeV. The
scheme of detector is presented in Fig. 11. The polarized proton beanm
of AGS was used and results on analyzing power for hydrogen and
carbon are shown in Fig.12. Two important conclusions can be drawn.
First asymmetry(sign, magnitude, shape) is the same as at 200 GeV/c.
This might be an indication that the analyzing power for inclusive

pion production is energy independent. Second analyzing powers on
hydrogen and carbon are practically the same.
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1. FODS-2 mcpmm. et an was done on mé—polanzed"m_
the A-decay. The main parameters of this beam is

the parameters of the E704 setup are included too. .

Table 1. The list of parameters of the primary proton beam and the polarized proton beam from A~

decay for two cxpcrimcn(a_l setups E704 and FODS-2.

proton beam of 40 GeVic produced through
presented in Table 1. For comparison in this table

Parameters

| E704 | FODS-2
Primary beam:,
Momentum, GeV/c 800 70
Intensity, protons per spill 03-2x1012  10%
Beam size at the production target, xxy, mm**2 0.8x2 4x2.5
Duration of the spill, sec. 20 1-2
Duty factor, % 33 20
Polarized beam
Production target, material, xxyxz, mm’ ‘Be, 1.5x1.5x300 AL ?x?x300
Momentum, GeV/c 200 - 40
Momentum bite, % *10 +4.5
Beam size at final focus(rms), xxy, mm’ 15x15 P 70.6X% 8./
Angular divergence at final focus, x xy, mrad? 0.8x0.6 # 6.5x 8.0
Pion contamination in polarized proton beam, % +13 - 20,8
Polarization tagging detector, yes no
Polarization tagging resolution, % +11 —
Momentum tagging detector yes no
Momentum resolution of the tagging detector, % i15 no
Beam polarimeter: yes no
Beam polarization calculated , © /o Y5+ 3 wmEEm 391,
Beam polarization measured by the CNI polarimeter, % . 41326 —_
Beam polarization measured by Primakoff polarimeter, % 4019 — .
Total polarized protons at target 9x10° - 9x10°
Tagged polarized protons at target 6x10° —
Tagged protons with [P[>35% and <P>=45% . e 3x10° =
Polarization reverse . by system of 8 magnets; by movable

any polarization direction. collimator

Fig. 3. The schematic layout of FODS-2 spectrom-
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PROZA-M results
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Fig. 9. The raw asymmetry parameter as a function of = r(z7) for a) EMC1 and b)EMC2.
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E925 results
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and pi(-): a) on hydrogen, and b) on carbon targets.

Conclusions

Experimental data from FODS-2 relevant to the central region indicate on some interesting spin
effects like similar to BNL data xr dependence, flavour dependence. etc. But one needs more precise
measurements by improving the technique of experiment and the statistical precisions. .
Experimental data from PROZA-M indicate that the essential spin effect might be present in the
polarized proton fragmentation region. In contrary to the E704 the target is polarized instead of the
beam. But according to the identity of both colliding protons in both cases the analyzing powers must
coincide. It is cruicial to continue such measurements in order to justify the inclusive neutral pion
polarimeter at RHIC domain of energy.

Experiment E825 gave an evidence for the similarity of the analyzing powers at 21 and 200 GeV/c. It
also shows that the analyzing powers in inclusive pion productions at hydrogen and carbon are
practically <corncioli’ng.

For polan'metry' at RHIC among 3 above experiments only E925 presents a solid base. It is important
to make an additional measurements at the intermediate energy between 21 and 200 GeV/c and also
around 250 GeV/c(RHIC top energy).

The drawbacks in experiments with polarized beams are not so high accuracy in the beam
polarization determination. FODS-2 did not make any experimental measurement of beam
polarization. In E925 the precisions in beam polarization measurements were: 1997 run- +26%, in
1999 run- £16%. The goal to have a precision +57s not yet reached.
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PHYsIcs RESULTS FROM HERMES

AZIMUTHAL SINGLE SPIN
ASYMMETRIES

RALF KAISER - DESY/ZEUTHEN
Ox BesaLF OF THE HERMES COLLABORATION

RHIC Spin Workszop, BNL, OCTOBER 1999

* DiISTRIBUTION AND FRAGMENTATION
FuNcTIONS

* AZIMUTHAL SINGLE SPIN ASYMMETRIES

s HERMES RESULTS

RESULTS ARE BASED ON TEE DATA TAKING PERIODS
1996-1997 OF THE HERMES EXPERIMENT AT HERA

Observation of a Single-Spin Azimuthal Asymmetry in
Semi-Inclusive Pion Electro-Production, SUBMITTED TO
PHYS.REV.LETT., HEP-EX/99XXXXXX

DISTRIBUTION AND FRAGMENTATION
FUNCTIONS

TRANSVERSE POLARIZATION ADDS QUITE A FEW
DISTRIBUTION FUNCTIONS TO THE WELL KNOWN
UNPOLARIZED f; AND LONGITUDINAL gi: THE
TRANSVERSE h: AND A VARIETY OF MORE COMPLEX
FUNCTIONS {RALSTON. 1979].

(SURSCRIFT § = TWINT 2, SUPFRNCRIFT L ZppIPARTON)> 0)2

longitudinally polarized partons

50 -0b

transvorsoly polarzod partons

D@ O @

ROTONON0

THE SAME I TRUE  FOR THE FRAGMENTATION
FUNCTIONS:

DISTRIBUTION AND FRAGMENTATION
FUNCTIONS

o_eH—+th — E :fII -+q ® g9ree ® Dq«*h
q

THE SEMI-INCLUSIVE DIS CROSS SECTION
CAN BE WRITTEN AS THE SUM OVER
QUARK FLAVORS ¢ OF CONVOLUTIONS OF

DISTRIBUTION FUNCTIONS AND FRAGMENTATION

FUNCTIONS.

BASIC ASSUMPTION:

PACTORIZATION IS VALID, LLE. SCATTERING
PROCESS AND HADRONIZATION CAN BE REGAR-
DED AS INDEPENDENT.

THE SIMPLEST DISTRIBUTION FUNCTIONS ARE
THE UNPOLARIZED PARTON DISTRIBUTION
FUNCTIONS u{«x}, d{x), ETC., ALSO REFERED
TO AS f].

THE SIMPLEST FRAGMENTATION FUNCTION IS
THE UNPOLARIZED FAVORED FRAGMENTATION
FUNCTION J:.

BUT THERE i5 MORKE ...

CLASSIFICATION OF DISTRIBUTION
AND FRAGMENTATION FUNCTIONS

[JAFFE, MULDERS, ...]

FFUNCTIONS IN BLUE ARE RELEVANT FOR THE
PRESENT HERMES MEASUREMENT.

Distributions {T-even) Distributions (T-odd)
chirality chirality
3lr} even | odd @lN=4r) | even | odd
U fi U hi
wist 2 | L | g By | twist2 | L
T gr | M hix T | fir
19 ft e U h
wist 3| L | gF hr twist 3 | L | fi | e
T | 97 97 | hr bt T fr | er
Fragmentation
chirality
Al even odd
U Dy Hi
twist 2 | L Git HY
T | Gir Dy H; Hi5
U D+ EH
twiss 3 | L | Gt Df EL H,
T | Gr G+ Dr | Er Hr Hi



PHYSICS GOALS

e UNDERSTAND POLARIZATION EFFECTS IN
THE FRAGMENTATION PROCESS AND

s MEASURE CHIRAL-ODD DISTRIBUTION
FUNCTIONS AND T-ODD FRAGMENTATION
FUNCTIONS

SINGLE SPIN ASYMMETRIES DEPEND ONLY ON
THE POLARIZATION OF THE BEAM Oi THE
TARGET. THEY APPEAR TO BE DUE TO INITIAL
AND/OR FINAL STATE INTERACTIONS.

CHIRAL ODD DISTRIBUTION AND T-0DD
FRAGMENTATION FUNCTIONS CAN LEAD TO
SINGLE SPIN ASYMMETRIES (SSA) IN POLARIZED
HARD PROCESSES.

= LOOK FOR A CORRELATION BETWEEN
THE AZIMUTHAL DISTRIBUTIONS OF THE
PRODUCED HADRONS AND THE (TRANSVERSE
OR LONGITUDINAL) TARGET POLARIZATION.

SSA - EXPERIMENTAL STATUS

e FNAL ET704 BNL Eg925
p+pt =704+ X Ay vrTO 10 %

06 A e e e e Mt
s = )
. <
04 |- o E704,200 GeVic ' 1 1
- Do A
*q . b IT ?
02| (o s . R
z .L v
L
o s -
H .
' L] °
.
02| , B
Ty
. .
04} onx B
o  E925,21.6GeVic i
b
06

faat L . L L : : 1
¢ 01 02 03 04 0.5x0.6 07 08 09 1
F

e DELPHI cos26é Ix 20 = 2-jer
r. ‘Z‘ CE = 8.3 % L% (stan.)

e SNIC  pu+p—=pu+h=+X
AL i L0008

SINGLE SPIN ASYMMETRIES (SSA
IN DIFFERENT PROCESSES

N

SINGLE SPIN ASYMMETRIES

dr = de* — dot
SR et deY

MIGHT ORIGINATE IN QCD FROM THE
DISTRIBUTION FUNCTION (DF'), THE ELEMENTARY
SCATTERING PROCESS (ESP) OR THE FRAGMENTA-
TION FUNCTION (FF).

AN ORIGINATES FROM ...
PROCESS DF ESP FF

{4pl > i4+a=+X | Av=0 | Ay =0 | Ax #90
p+p 7=+ X | Anv#O0| Av=0]| An#0

p+p =2 U+ X
p+pl - W=+ X

in the fragmentation

AN;ﬁO ANRO AN=0

region of p'
Z% =5 2-jet Av=0| Ay=0] ANy #0
decays

HErMES - THE EXPERIMENT

-

[+F =17+ X

BEAM ENERGY 27.56 GeV
BEAM POLARIZATION | 0.55 + 0.04 (LONG.)
TARGET HYDROGEN
TARGET POLARIZATION | 0.86 & 0.05 {3~}
ACCEPTANCE IN 6, -1.7<0, < 1.7
ACCEPTANCE IX 6, 0.4 <|0,| <14
DIS cuTs Q- >1
2> 4
y <0.85
CUTS ON FINAL z>02
HADRONS P. >0.05
IDENTIFIED 7% ~ 110,000
IDENTIFIED 7~ ~ 80,000
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. AZIMUTHAL SINGLE SPIN
ASYMMETRIES - KINEMATICS

SINGLE SPIN ASYMMETRIES DEPEND ONLY ON
THE SPIN OF EITHER THE BEAM OR THE
TARGET. THEY APPEAR AS DEPENDENGES
OF THE CROSS SECTION ON THE AZIMUTHAL
ANGLE ¢.

23
4
5
3
3

IN THE cASE oF LONGITUDINAL TARGET
POLARIZATION THE AZIMUTHAL ANGLE 1]
IS THE ANGLE BETWEEN THE ELECTRON
SCATTERING PLANE AND THE PROJEGCTION OF
THE HADRON MOMENTUM P; PERPENDICULAR
TO THE VIRTUAL PHOTON MOMENTUM 4.

AZIMUTHALLY WEIGHTED
ASYMMETRIES

ANALYSIS USES AZINMUTHALLY WEIGHTED
MOMENTS OF CROSS SECTIONS:

(5P = [1r(g) anw

B,T = U (UNPOLARIZED),
L (LONGITUDINALLY POLARIZED)
T (TRANSVERSELY POLARIZED)

HERE: 1™ = zin ¢.

ExTRACTING ASYMMETRIES:

WHERE {t () DENOTES THE SIGN OF THE
TARGET SPIN.
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AZIMUTHAL SINGLE SPIN
ASYMMETRIES

UNPOLARIZED BEAM, LONGITUDINALLY POLA-
RIZED TARGET:

1 Ng) - N¥(9)
= By NH(g) T NU(9)

WHERE N*%){4) ARE NUMBERS OF PIONS IN
A ¢ BIN FOR TWO OPPOSITE TARGET SPIN
STATES AND Pr IS THE TARGET NUCLEON
POLARIZATION.
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Ayr: pi-DEPENDENCE
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TWIST-3.
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Apr: RESULTS

at

477 | s.022 £ 0.005 20005
A53%% | —0.002 £ 0.005 £ 0.010
A35? | —0.005 = 0.008 + 0.004

T

Af3® | —0.002 + 0.006 % 0.004
57 | —0.005 % 0.006 + 0.005
A35? | —0.007 £ 0.010 + 0.004

ONLY THE AYMMETRY &3F

CANTLY DIFFERENT FROM ZERO, ALL OTHERS
ARE COMPATIBLE WITH ZERO.

{5} IS SIGNIFI-

VY

SUMMARY AND QUTLOOK

<>

AZIMUTHAL SINGLE SPIN ASYMMETRIES IN
SEMI-INCLUSIVE PION ELECTRO-PRODUCTION
HAVE BEEN OBSERVED FOR THE FIRST TIME.

¢ THE sin -WEIGHTED AZIMUTHAL ASYMMETRY
IS FOUND TO BE SIGNIFICANT FOR =t
PRODUCTION .022=0.005: stat. ) £0.003{ 2ysi. )
WHILE IT IS CONSISTENT WITH ZERO FOR 7~
PRODUCTION.

¢ THE sin2¢ WEIGHTED ASYMMETRIES FOR
7= PRODUCTION ARE CONSISTENT WITH
ZERO.

THE T— AND pr—BEHAVIOURS OF A5h¢
ARE IN AGREEMENT WITH EXPECTATIONS
BASED ON THE COLLINS MODEL FOR

FRAGMENTATION.

<>

~

<~ ADDITIONAL DATA ON A DEUTERIUM TARGET

EXIST, BUT HAVE NOT YET BEEN ANALYZED.

AFTER HERA LUMINOSITY UPGRADE TAKE
DATA ON A TRANSVIERSELY  POLARIZED
TARGET TO MEASURE TR ANSVFRSITY &y,



Transverse spin distribution and fragmentation functions

Dani€l Boer
RIKEN-BNL Research Center, Brookhaven National Laboratory, Upton, New York 11973

In this talk I will focus on the transverse spin distribution and fragmentation functions, which
parametrize transverse spin effects in hard scattering processes. Even though little is known
experimentally on most of these functions, single transverse spin experiments have been per-
formed. For instance, deep inelastic scattering of an electron off a transversely polarized hadron
has been investigated at SLAC and by SMC. In this experiment one is sensitive to the chiral-
even, T-even distribution function gz, which appears in the cross section suppressed by a power
of the hard scale. On the other hand, the leading twist, chiral-odd, T-even distribution function
hy (also called transversity distribution function) has not been studied experimentally yet, but
it can be measured in Drell-Yan scattering of two transversely polarized protons at RHIC.

Large single transverse spin asymmetries have been observed in the process pp' — 7 X.
For the description of this process one also needs fragmentation functions, including T-odd
functions which are expected to arise due to final state interactions. The description of this
specific process in terms of transverse spin distribution and fragmentation functions will lead
to power suppressed single spin asymmetries, unless one takes into account the transverse
momentum of the partons, see e.g. [1].

Especially the T-odd functions with transverse momentum dependence might be relevant for
the description of single transverse spin asymmetries, since these functions link the transverse
momentum and transverse spin (of either quarks or hadrons) with a specific handedness. The
different functions will lead to distinct angular dependences. Hence, by studying the angular
dependences of asymmetries (and their transverse momentum dependence) one investigates the
connection between transverse spin and transverse momentum of quarks and hadrons directly.
This is a most promising way to unravel the origin(s) of transverse spin asymmetries. This is
for instance demonstrated by a recent result by the HERMES Collaboration [2]. They reported
a sin ¢ asymmetry in the process ep — ¢ 7+ X, where the target has a polarization along the
electron beam direction and ¢ is the angle of the transverse momentum of the pion with respect
to the lepton scattering plane. This asymmetry is expressed in terms of a chiral-odd, T-odd
fragmentation function with transverse momentum dependence, the Collins effect function Hi-
[3]. We find that the contribution from the target spin transverse to the virtual photon direction
can be equally important as the longitudinal contribution and it even becomes dominant for
larger = and smaller y values (see also [4] for a discussion on this topic).

Finally, I will briefly discuss the other leading twist, T-odd, transverse momentum depen-
dent fragmentation function, the chiral-even function called Di5, which is relevant for trans-
versely polarized A production, for instance in pp — ATX.

[1] D. Boer, Phys. Rev. D 60 (1999) 014012.

[2] H. Avakian, Proceedings of DIS99 conference in DESY-Zeuthen.
[3] J.C. Collins, Nucl. Phys. B 396, 161 (1993).

[4] A.M. Kotzinian et al., hep-ph/9908466.
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Transverse Spin and Transverse Momentum

Study the transverse momentum dependence of the asymmetries
The T-odd effects link transverse momentum and transverse spin
with a certain handedness, like e.g. the Collins effect:

Expected to arise due to final state interactions between m and X

Can lead to the single spin asymmetry at leading order:

Az ~ b (2:) @ f1(22) © Hf (2. Fr) {5 5% gk
i BRI

Anselmino, Boglione & Murgia :

(PRD 60 (99) 054027) AL )

Other possible explanations:

e Soft gluon or fermion poles (Qiu & Sterman, PRL 67 (1991) 2264)

e Transverse momentum dependent T-odd distribution functions
(fi7 Sivers; Anselmino et al.; hi D.B. & Mulders)

8
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HERMES Asymmetryine+p — € + 7+ X

HERMES reported a sin ¢ asymmetry at DIS99 [Zeuthen, April '99]

lepton scattering plane

In a factorized picture (Mulders & Tangerman, NPB 461 (1996) 197):

WH = /dszd2kT §*(pr+ar—kr) Tr (®(z, pr)v* Az, kr)Y”)
Project out the sin(¢) dependence from the cross section:

\Pri] ... dAop p,((H — 'hX)
sin(¢)
zM dxdzdydged? Py, |

ApepH = /d2Phl

10
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HERMES Asymmetryine+p —¢€ +7+ X

We assume one flavor (v — 77) and neglecting a term M, /M

Polarization of the target is in the lepton scattering plane

Aor o A22-y)V/I=y G o hola) B

Aor o |8, (1—y) h(z) HV(2)

Aro & Ae2y/1-—y —IB(JL ()(z) AUCINY
where H; M (2) = 22 [ d2krk2 Hi- (2, k1)

HERMES:

Polarization of the target is along the electron beam direction
This is a combination of L and 7', depending on y

We find

|S_|_| 2Mx AOL 2—y hL(CI‘)
=l = 4/1 - =
Y70 — Zdor 1—y hi(z)

'
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Bag model

00— 53 03 03 04 05 08 07 08
X

Conclusion: For larger z, but small y, Aor 2 Aor

Kotzinian et al., hep-ph/9908466: Aoy, is dominant contribution to
the asymmetry; Aoz contributes only 20 to 25 % (for 0 < z < 0.3)

12
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Transversely Polarized A Production

The other leading twist T-odd fragmentation function with
transverse momentum dependence is Dy

Mulders & Tangerman, NPB 461 (1996) 197

This is the analogue of the Sivers effect function (PRD 41 (1990) 83)

Application to transversely polarized A production
(Anselmino, D.B. & Murgia, in preparation)

Remark: In charged current exchange processes chiral-odd functions

like hy, Hi- cannot be accessed; Diz is chiral-even.
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Consequences for RHIC Spin Program of

Results from SMC and HERMES

J.C. Collins

Department of Physics, Penn State University,
University Park, PA 16802, U.S.A.

E-mail: collins@phys.psu.edu

Abstract

Recently, SMC and HERMES have reported measurements of
the azimuthal distribution of hadrons in the current quark jet
in deep-inelastic scattering. This distribution is therefore likely
to have a substantial analyzing power for the transverse spin of
the quark initiating the jet. A corresponding process at RHIC
can be found in the production of jets in collisions of unpolarized
protons on transversely polarized protons. One is to look for a
spin-dependence of the azimuthal distribution of leading w7~

pairs around the jet axis.
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Transverse spin asymmetries in Drell-Yan
E. Di Salvo

Dipartimento di Fisica dell’Universita di Genova, INFN Sezione di Genova,
Vie Dodecaneso 33, 16146 Genova, Italy.

RIKEN - SPIN, October, 7, 1999

It is well-known that asymmetries are very important in spin physics, since they
are sensitive to spin density functions and/or to higher twists. In the present talk we
consider two kinds of asymmetries in Drell-Yan events generated by collisions of an
unpolarized proton beam with a transversely polarized one, i. e.,

p'p — ptp” X

The two -asymmetries - muon helicity asymmetry and left-right asymmetry - are
sensitive to twist-3 terms. Helicity asymmetry is related to the transversity function h,.
Left-right asymmetry is produced by a soft gluon contribution and it has already been
calculated by other two authors, who do not agree on the final formula. Our approach
is different from the one currently followed in the literature, but the functions we obtain
in our calculation correspond to those used in preceding papers on the subject.

First of all we adopt the QCD improved parton model, showing that the result may
be partly predicted also by geometrical considerations. Transverse momentum plays
an essential role in helicity asymmetry, which depends on the transverse momentum
dependent transversity function. On the other hand the left-right asymmetry vanishes
in parton model.

Moreover we calculate, in tree approximation, the one-gluon correction to parton
model. We write this correction term as a convolution of elementary amplitudes with
parton densities: we adopt an axial gauge, in order to keep the validity of the par-
ton description. Since we must guarantee gauge invariance, we write also the overall
hadronic tensor according to quantum field theory, which contains the covariant deriva-
tive. This tensor results to be proportional to the sum of the hadronic tensors that
we have obtained by considering separately the parton model and the one-gluon cor-
rection. In this way we can also establish some symmetry properties of the correlation
functions, which considerably simplify our calculations. Developing calculations, we
obtain a T-even and a T-odd combination of such functions. In particular the T-odd
distribution functions are characterized by the so-called soft gluon pole; this term is
essential to left-right asymmetry, which is of order 1%. On the contrary the one-gluon
correction does not contribute to helicity asymmetry, which is estimated to be (1 —4)%
and may be used for detrmining Ah;.
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Maximum polarization from the AGS!
A. Lehrach

Brookhaven National Laboratory, P.O. Box 5000, Upton, New York 11973, USA

Over the last decade several improvements have been made to increase the polarization
of the proton beam at the AGS [1]. A solenoidal partial snake was installed to overcome all
imperfection resonances in the energy range of the AGS [2]. Polarization losses have been
observed due to coupling depolarizing resonances mainly excited by the solenoid field of this
snake. To reduce this polarization losses the solenoid has to be replaced by a dipole partial
snake. Different magnet arrangements to realize such a type of snake are under consideration.
The rf dipole concept to preserve polarization at intrinsic resonances has been demonstrated
at the AGS for the first time [3]. At strong intrinsic resonances, adiabatic spin flips can be
excited to preserve the polarization during resonance crossing. For weak intrinsic resonances it
is possible to change the optics during acceleration to suppress intrinsic spin harmonics [4]. A
further major improvement is the installation of a new polarized source which will provide mA
currents of polarized beam with a polarization up to 80% [5].

After all this upgrades it will be possible to provide a polarized proton beam with a polar-
ization of more than 70% from the AGS to be injected into RHIC.

References

[1] T. Roser, Proc. of the Workshop on Polarized Protons at High Energies, Hamburg (1999).
[2] H. Huang at al., Phys. Rev. Lett. 73, 2982 (1994).
[3] M. Bai et al., Phys. Rev. E 56, 6002 (1997).

(4] A. Lehrach at al., ’Suppressing Intrinsic Spin Harmonics at the Cooler Synchrotron COSY’,
submitted to Nucl. Instrum. Methods A.

[5] A.N. Zelenski, Proc. of PAC99, 106 (1999).

'Work performed under the auspices of the U.S. Department of Energy
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Depolarizing Resonances at AGS

1. imperfection

vG = 5,6, ...

-~ 5% solenoidal partial snake

2. intrinsic

YG=KkPztv,

P (GeV/c) el €R Pg
4.5 0+v, 0.0061 -0.42
8.0 24 - vy 0.0002 0.995
10.8 12 + vy 0.0024 0.45
14.3 36 - v, 0.0051 -0.26
17.1 24 +vy 0.0004 0.90
20.5 48 - vy 0.0006 0.95
23.4 36+ vy 0.011 -0.77
26.8 60 - v, 0.064 - 0.993

- 18 Gm rf dipole

3. couple
YG=0+v4, 12 +Vv,,36 £ v,

4. higher order
YG=60-v,-9

2 =41 % atyG =465
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AGS Partial Snake designs

Total Length Magnetic field Magnet length Filed integral Xmax Ymax

[m] 1.5 GeV [T] 22 GeV [T] [m] 1.5 GeV [Tm] 22 GeV [Tm] [cm] [cm]

Helical 2.64 1.350 1.610 1.786 2.41 2.88 1.90 1.80
7 Dipoles 2.61 1.519 1.850 1.706 2.59 3.33 252 3.58
6 Dipoles 2.75 - 1.530 1.964 1.600 2.45 3.14 1.59 4.18
5 Dipoles 272 1.508 1.936 2.118 3.19 410 1.63 3.87

4 Dipoles 2.55 1.535 1971 . 2100 3.22 4.14 194 483
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| Vertical Polarization |
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Conclusion / Outlook

1.) new polarized source

improving factor:

1.07

2.) dipole partial snake

improving factor:

1.48

3.) quads at position 15

improving factor:

1.14
S

=~ 74% polarization from AGS




RF Dipole Studies and Plans in the AGS and RHIC
Abstract

Mei Bai
Brookhaven National Laboratory

RF dipole with horizontally oriented oscillating dipole field is a very useful tool in spin manipulation. One
application is to overcome intrinsic spin resonance due to the vertical betatron oscillation around the closed
orbit. This method was successfully applied in the recent AGS polarized proton experiments' where full
spin flip was achieved at crossing three strong intrinsic spin resonances of 0+v,, 12+v, and 36-v,. In the
experiments, the amplitude of the RF dipole oscillating field was slowly ramped from zero to the desired
value before the resonance was encountered and then ramped down to zero after the resonance was crossed.
This adiabatic manipulation eliminated the transverse beam emittance growth.

RF dipole can also be used to induce an adiabatic full spin flip in high energy accelerators where full snake
system is installed to overcome both imperfection resonance and intrinsic resonance. This is often desired
by physics experiments to reduce the systematic errors. The full spin flip is obtained by slowly ramping the
RF dipole frequency through the spin precession frequency. In RHIC, two RF dipoles with fields oriented
in horizontal and vertical plane will be installed. The RF dipole with horizontal field will be used as a spin
flipper. Both magnets will also be used to obtain coherent betatron oscillations for the purpose of beam
dynamic diagnosis and studies.

References:
(1] M. Bai et al., Phys. Rev. Lett. 80, 4673 (1998)

[2] T. Roser, Handbook of Accelerator Physics and Engineering, edited by A. Chao and M. Tigner.
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8.1

 Applications of RF dipole in spin manipulation

— overcoming intrinsic spin resonance by adiabatically inducing a
coherent spin flip

* Intrinsic spin resonance

» comes from vertical betatron oscillation
» locates at Gy =mP + nv,
» strength is proportional to the size of the betatron
oscillation
» beam polarization after crossing an isolated intrinsic resonance

depends on the average resonance strength over all the particles
in the beam.

BROOKHEAVEN

NATIONAL LABORATORY
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* Inthe presence of a horizontal RF dipole field oscillating at a frequency
close to the vertical betatron oscillation frequency,

6.1

Continue from Applications of RF dipole in spin manipulation BROOKHEAVEN
NATTONAL LABORAITORY
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—using an RF dipole to induce a full spin flip at intrinsic spin resonance 12+v,

0.9
N 1 / 12+v_
o 08=0,004

0.1 1
kY
—_e

-041
00 50 100 180 200
Zoon[Mmm]
Continue from Results of polarized proton experiments with RF dipole in the AGS BROOKHEVEN

NATIONAL LABORATORY
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“

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

An RF dipole with horizontal oriented oscillating dipole field induces
an artificial spin resonance at the location of v_,

i

_ RF dipole field oscillation frequency

m

beam revolution frequency

Its strength is:
_1+Gy B, L

41 Bp

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

o = Ln <0205 e
40

BROOKHEVEN

NATIONAL LABORATORY
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» tracking result with a beam of 1000 particles

1300 particlesle, =20n), anake asis: 0.026x, v,=0.48, Ay=0.002
o dipake ¥, =0 443-0 467, 005 Tm, A0 100027001000

1.0" - T 1 - ' ' v 1 T T T

1

.0 s PR S UST SV S VUV KN VRN ST W T P S "
0.0 10.0 200 30.0 400

hu.0 60.0

time [ms]
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Beam polarization distributions for RHIC!
A. Lehrach
Brookhaven National Laboratory, P.O. Box 5000, Upton, New York 11973, USA

In order to calculate the distribution of the beam polarization in a circular accelerator, the
invariant spin field has to be calculated. The invariant spin field 7(Z) depends on the position
Z of the particle in the six dimensional phase space. A particle with the initial spin 5} at the
phase space position Z has the final spin & and is transported to the phase space point Z;
during one turn in the accelerator. If T;_; is the one turn spin transfer matrix, then for every
phase space point Z; a spin field vector 7i(2;) exists such that

(%)) = Tom - (5. &

The spin follows the invariant spin field if the motion of the spin is adiabatic. The invariant
spin field in a high energy accelerator can vary substantially across the beam. This decreases
the amount of polarization provided to experiments and makes the polarization dependent on
the position in phase space. One method to calculate the invariant spin field is stroboscopic
averaging [1], which is based on multi-turn tracking and averaging of the spin viewed strobo-
scopically from turn to turn at one position in the ring. The invariant spin field has also been
studied using a method called adiabatic anti-damping [2], which is very similar to the method
presented here. '

In this study the motion of the particle and spin is adiabatically excited with coherent
betatron oscillations using an rf dipole [3]. The calculation of the invariant spin field close
to an intrinsic spin resonance is delicate, because the influence of the rf dipole on the spin
motion is not negligible. The modulation tune of the rf dipole has to be moved very close to
the betatron frequency in order to keep the effect of the rf dipole on the spin motion small.
With respect to the amount of polarization that can be provided to experiments at RHIC, the
invariant spin field is investigated at the interaction point of the PHENIX experiment. For the
experimental proof of this calculation, a polarimeter has been proposed which is able to measure
sideways polarization. Not only for spin dynamics calculation but also from the experiments’
point of view, it is important to calculate and measure the invariant spin field. This effect will
likely exclude certain energy ranges in the vicinity of spin resonances from being used for spin
experiments at RHIC.

References

(1] G.H. Hoffstatter et al., Phys. Rev. E 54, 4240 (1996).
[2] M. Vogt et al., Proc. of EPAC 98, 1362 (1998).
(3] A. Lehrach, AGS/RHIC/SN No. 81.

!Work performed under the auspices of the U.S. Department of Energy 183




. :'Z yoed 10y
‘uan) duo upnp ¥z 0y 'z woay payrodsuexy sydpnred =

XLIjew Jojsuer) ulds winj duo : (2)'77, -
ddeds aseyd
[esIaAsuel) pue [eulpnjiduol ul dpn.aed yo uonisod : z -

PRIJ UIdS JUBLICAUT



suiny
0008 0009 000t 000¢ 0

o
10108A ulds
185

i A 4 VAAy SAL AL LA AAL LA AALAALAARALY A 1 s —.

wli0'0=IpdsS .F,\.F.ou_
S'0ct=0h




G200°0

G000

(w) A
S000°0 $000°0~

GL000—

Gc00°0—

Wi 10°0=IPgs ‘+LI

i3, VRN BRI

G 0c=DA

0=4

-

plel uids jueleAul

186




e
I_
S
o0 o
o
a3
ﬁ'(])
||1_-
Q E
o
NI}

10108A ulds

187

6e+06

2e+06

turns



vG=422.18

f=0.1799, SBdl

0.00005Tm

IRy

e
)
TS

—0.00025 0 0.00025 0.0005 0.00075
y (m)

—-0.0005

pley uids jueleAul

188

-0.5 -

1

—0.00075



Optically Pumped Polarized H Ion Source (OPPIS) for RHIC

A.N.Zelenski, INR Moscow/TRIUMF

The polarized ion source for RHIC must produce in excess of 0.5 mA H ion
current during a 300 us pulse, or current duration > 150 mA jis, within a
normalized emittance of less than 297 mm mrad (see Table 1). This current
corresponds to 9<10 M particle/pulse. Assuming 50% beam losses in the
LEBT,RFQ, LINAC, and injection to the AGS booster, that gives 4. 510! polanzed
protons per booster bunch and finally 24104 protons for the RHIC bunch. The KEK
OPPIS upgrade had been comleted at TRIUMF and source was delivered to BNL
on September 21, for installation at the RHIC injector.

An ECR primary proton source was upgraded from 18 GHz to 28 GHz. A new
sodium-jet ionizer was developed to reduce sodium losses, increase current and
polarization. The cell is floated and biased to - 32 kV, which allowed to accelerate
primary 3.0 keV beam to 35 keV for injection to RFQ. A long pulse laser system
based on solid -state Ti:Sapphire and LiSAF crystalls was developed to produce up
to 400 us polarized beam pulse duration. In excess of 1.5 mA H ion current of 85-
90% polarization within 1.8 17 mm mrad normalized emittance was obtained as a
. result of current and polarization optimization (see Table 1). The OPPIS installation,
construction of new LEBT , laser facilities and Lamb-shift polarimeter is now in
progress at BNL.

TableI. OPPIS FOR RHIC

specified achieved
H ion current,  (mA) 0.5 1.5
Polarization, (%) 80 85- 90
Emittance, (77 mm mrad) 2.0 1.8
Current duration, (mA us) 150 600
Repetition rate, (Hz) 7.5 7.5
Beam energy, (keV) 35 35
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Bunch Polarization, Variations, and Other Systematic Issues

Thomas Roser

Brookhaven National Laboratory

Measuring high precision asymmetries using polarized proton collisions at RHIC will
require a high luminosity but will also pose new challenges to controlling systematic
errors. Systematic errors can be caused by beam parameter variations that are either
correlated or uncorrelated with the sign of the bunch polarization. Although a typical
measurement of an asymmetry will be an average over many collisions even uncorrelated
beam parameter variations can cause large fluctuations in the asymmetry measurement
since filling RHIC will freeze in a certain random correlation for the whole store. The
following three steps should minimize systematic errors due to beam parameter
variations:

e Measure polarization and luminosity bunch-by-bunch (bunch pair by bunch pair) and
correct individual asymmetries

e Measure each asymmetry four times: no flip, spin flip first beam, spin flip second
beam (both beams flipped), spin flip first beam back (only second beam flipped); and
then take the appropriate average.

¢ Recog beams to get new combination of bunch pairs as often as possible and then
average Over asyminetries.
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Spin filling pattern in RHIC

ﬁ ‘:\‘:ﬁ%\*:;:*m:fz*:‘*me:fmm%wﬂﬁmzmxmm?wa
— p2
L p> N +N__+N__+N_,

With 60 bunches per ring -> 15 groups of 8 bunches

A = <A§L>

No systematic errors 1f all bunches are identical
except for the sign of the polarization.

Y
BB““K@&E“ Thomas Roser
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Bunch parameter variations

Possible beam variations both correlated and uncorrelated with
spin sign from source and acceleration: A P(y)

TN

e Bunch intensity (Ot moment)

e Bunch emittance (2" moment)

e Polarization (O moment)

L61

e Amplitude dependent polarization (2" moment)

Note: Odd moments will not survive beam acceleration or
storage because of non-zero betatron tune spread.

Even bunch parameter variations uncorrelated with spin sign
remain constant during a RHIC fill.

Lt g
) wf.x . /s»
B“OOK“’-“'E" Thomas Roser

NATI QN'A/L LABORATORY
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Spin flipping

Systematic correlations and beam parameter fluctuations are
effectively suppressed by periodic spin flipping:

.
- = A (N)=—an (M)
oo T A=A (M)
o+t A ()=—an (M)
(A= A5, (M)t (M) 4z, (W) a5, (1)
BROOKHAUEN homas Roser

NATIONAL LABORATORY
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Recogging

The effect of beam parameter variations is randomized during a
fill by frequent recogging:

4 3 2 1 1234

———
4321»5678
_——_} -

4 3 2 1 9101112

4 3 2 1 11 14 15 16
I . N ————

<A§L> = ']%Z:l: A?,L(C(;gi)

Bﬂﬂnkﬁﬂ EN Thomas Roser
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Physics With A Polarized € - p Collider

Abhay Deshpande!
abhay.deshpande@yale.edu

RHIC Spin Workshop, BNL
October 8, 1999

Outline of the talk:
e Motivation: Need for Polarized ¢'- p Collider

— Recent results
— Open questions

— An e - p collider already exists!
e Physics With Polarized HERA

e Concluding remarks
A Case for Polarized HERA

e Other possibilities:

— An electron storage ring in the RHIC tunnel
RHIC-€- A and RHIC-€:. p
—> Comments. '

Yale University, Physics Department, New Haven, CT 06520-8121
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1997 Workshop on Physics With Polarized Protons at
HERA
http://www.desy.de/~gehrt /heraspin
Conveners: A. De Roeck & T. Gehrmann
DESY-Proceedings-1998-01, February 1998

1999 Polarized Protons at High Energies - Accelerator
Challenges and Physics Opportunities
hitp://www.desy.de /heraspin
Organizers: D. Barbar, A. De Roeck, V. W. Hughes, & F. Willike
Extremely active participation from BNL’s machine
physics groups and RHIC Spin: Phenix and Star
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N. d’Hose (Saclay) E. Leader (London) M. Stratmann  (Durham)
J. Dainton (Liverpool) J. Lichtenstadt  (Tel Aviv) A. Tkabladze (DESY-Zeuthen)
D. de Florian (CERN) G. Lobo (LAL Paris) G. Veneziano (CERN)
A. De Roeck (DESY) A. Magnon (Saclay) J.M. Virey (Marseille)
A, Deshpande  (Yale) Y. Makdisi (Brookhaven) M. Vogt (DESY)
M. Diiren {Erlangen) G. Mallot (Mainz) W. Vogelsang  (CERN)
J. Ellis (CERN) S. Manayenkov  (St. Petersburg) S. Willfahrt (Karlsruhe)
J. Feltesse (Saclay) L. Mankiewicz  (Munich) R. Windmolders (Mons)
S. Forte (INFN-Torino) O. Martin (Regensburg) M. Wobisch (Aachen)

General Aim: Improve up on the 1996 Workshop Studies
—> Detector level physics studies; Explore new topics;
Development of Tools: MC Generators, Detector Simu-
lations; Address technical issues: Polarized Sources, Ac-

celerator Issues, Proton Beam Polarimetry
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Polarized € - p scattering @ HERA

Spin measurements in the kinematic region

e Q?: 0 — ~5x10* GeV?
Photoproduction — high QZ
Present Q2 ~ 100 GeV”

0107 < 2 <0.6
Low =z = 0.002 < z, < 0.2
Present zpyn ~ 1073

Polarized HERA Machine Parameters
(assumed for workshop studies)

o E, ~ 820 GeV; Polarization ~ 70%
o E. ~ 27.5 GeV; Polarization ~ 70%

e Polarization Measurement Uncertainties
AP, /P, ~ 5%; APp/Pp ~ 5%

e High Luminosity Lumi-Upgrade: ~ 170 pb™'/year
e ZEUS and H1 Detectors

(Have Already!) (Not Yet!)
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Physics Topics: 1997 /99 Workshops

e Polarized Structure Functions g1, g5, g> \/ \/

e Polarized Gluon Distribution AG:\/\/
e NLO-pQCD fits of g;
e Di-Jet events in DIS
e 2-Track events in DIS
e Combined fits: g; + Di-Jets
e Photoproduction

e Polarized semi-inclusive measurements \/

e Polarized parton distribution in photon Aqg” \/ \/

e Diffraction/Vector Meson

e DHG Sum rule: (o4 — o4) at Q% = O\/\/

o (W=, Z% Production

e High Q% anomaly — polarized HERA\/\/

e Target fragmentation \/ \/

e A Polarization \/

e Deeply virtual polarized Compton scattering \/

e 7P scattering with HERA-INV \/ \/

Green: Not good; \/: Good; \/\/ Very Good
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Measurement of AG(z,Q?) and its
first moment...

Numerous approaches possible at HERA

¢ “Indirect Determination”: AG from NLO fits to g1

e “Direct Determination”: Photon Gluon Fusion in DIS
and Photoproduction =—> AG appears at LO

Signal Background
., —ct ., —c
e > ‘11,% e >
’Y —— Jet Y Jet
g g Jet q Jet
—( (=
Photon Gluon Fusion QCD-Compton

DIS:
o AG from 2-Jet Events (LO) in DIS

e AG from 2—High-bT tracks with opposite azimuthal
angle in DIS

e AG from combined QCD fit of g; and Jets in DIS

Photoproduction

o AG from Jets & High-pr in photoproduction
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A Case For Polarized HERA

e Behavior of g;(z,Q?) at lowest = and highest Q?

range = unique

Measurement of AG(z, @?) in the largest z, range
using many approaches

Polarized parton distributions in photons from photo-
production —> unique

Direct determination of Aqy = Ag— Ag via ¢harged
current events

Spin Physics beyond standard model... and more

NN and NN scattering at /3 ~ 40 GeV with
HERA-IV

Measurements complementary to other future spin
experiments

We have at HERA

High energy electron and proton beams and people
who know them!

Electron beam already polarized! Polarization mea-
surement AP/P < 5%

e Two working collider detectors and people who know

them!

It would be unfortunate not to polarize the

proton beam!
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An Electron Ring in RHIC Tunnel

e Possible 10-12 GeV electron ring in RHIC tunnel (77?)
—> Will enable e - A and & - P scattering

e €. p with /s ~ 100 GeV = A Mini-Hera
Recall for HERA /s ~ 300 GeV

2 2
105 Q (Gev ) Abhay.Deshpande at Yale Edu
"~ O Polarized HERA
10 % — SMC Measurements
- SLAC + HERMES
1035—
1025—
10 3
1
10°® 107 10 107 107 10" 1

e Physics program similar to Polarized HERA. Luminos-

ity??...Detector issues: Modify presently available?
Build New?

e Dedicated studies needed.

WORKSHOP ANNOUNCEMENT SOON
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SYSTEMATICS FOR POLARIZATION MEASUREMENTS

H. Spinka

High Energy Physics Division
Argonne National Laboratory, Argonne, Illinois 60489, USA

The number of events detected in a polarimeter depends on many fac-
tors. Assuming the polarimeter can detect particles to the left (L) and right
(R) of the beam with approximately equal acceptance, then a simple set of
equations can be written for the number of these detected events. The im-
portant factors include the analyzing powers (4z, Ar), beam intensity for
a particular pulse or bunch (B.), beam polarization (P4), and a product of
acceptance and efficiency (dQr, dQg). It is assumed that the beam, target,
and detector efficiency are constant, independent of bunch or pulse or polar-
ization sign. In this case, the equations can be solved with small systematic
error for the average of the beam polarization times the average analyzing
power

PA = [(Py +P_)/2] X [(41 + 4R)/2].
However, the systematic error is non-negligible for real polarimeters when

it is attempted to measure the polarization of a single pulse or spill. The
limitations are described in this talk.

Systematic errors become more important when the product of efficiency
and solid angle (d2) varies and is correlated with beam polarization sign. An
example is given where the beam or target movesleft to right or the efficiency
changes to give values of d2;, and d{)g correlated with polarization sign. In
order to keep systematic effects small compared to statistical uncertainties,
there can be stringent requirements on such changes, as shown in the exam-
ple.

Finally, even monitoring of luminosity at two interaction regions can
supply information about changes in d? or the luminosity monitors, as de-
scribed in this talk. This fact will make collaboration between the different
RHIC detectors important to study such effects.

This work was supported in part by the U.S. Department of Energy, contract
no. W-31-109-ENG-38.
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INTROOVCTION

SYSTEMATIC ERRORS IN BEAM POLARIATION
MEASVREMENTS MAY DOMINATE STATISTICAL
VUNCERTAINTIES UNDER SomE& CIRCUMSTINCES,
CAVTION IN THE PESIEN AND VARIOUS
CROSS CHECks PDRE REQVIRED TO MINIM)PRE
AND MEASVRE THESE SYSTEMATIC EFFECTS,

SOME PROBLEMS 70 CONSIDER:

* Polerimeter erms nor perfectly symmarric

Di¥¥erent L, R rates, evem for
wmpdlorized beams

Oi$forem? LR amelyzimng powsrs From asymmedric
backgroumds or ,mperfect alignmem?

Chamging rares or amalyzing powtrs = Hardware
variedens amd repidly chomgmy Aw (6)
or do/dQ (6)

* Boam bvaches ne? perfect/y egvel
Ditferent jntensity
Yi¥feremt  polarjzarion
Varying phase space

e folerimeter ?arget ao?t "constant”
Veriations in posirion
Chomging +hickness
D)ffering compos)tion
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AN  EXAMPLE

DHETECTOR EEE)CIENCY, on

TAACEY POSITIoN, OR CRANCES T »AT
HRE CORRELATED

SI6N CAN Qe
FAE” ASIYMMETRIES.

IN THIS CASE, DIFFERENT EQUATIIONS MVST BE
CONSIDERED TO ACCOVNT [LFom VARIATINS )N
"d2." C16noRE pwFEaences O&rwesn A, =

AND PETWEEN ﬂqo), dqa?)

LY = N8P dn,9 (1+ AAD

e?C,

£ &1y - dJZ(.C‘;)- J-Qou) 6 G - d—nﬂa)" d Qg 0
S d_n_‘c.»,._ A0, 2L AN d2ge x)

Then
e (8 = PA + % (E.n..," £_un)
+ £ & (EaL+ Ean) + OCE?)

EXTRA TERMS OFf OoRDéR € E* pAvE
APPEARGD. .




POLARIM,
DETECTOR Gk - £ 5
6..".L - T Gap
ax |
2 2 = sm6

Sz (000 +§x

FOR THE CNI POLARIMETER, 1 ~ IS cm,
AND  Sin 6, ~ ) S0 )T 13 REQUVIAGO TO
HAVE
Sx << -:-: Suy X 0,10 mm

IV OROER TO NAVE SYSTEMATIC E€ERAGAS SMALL
COMPARGD To STATISTICAL VNCeATAINTIES,
(MVST D& CAREECVL ©6€ MmECrHamICA
VIORATIONS)

The T -inclvsive polerimerer 15 mvch Jless semsiPve
Fo Phis  partrvier syskowmatric erre  since
sin 6, muckh smaller

r myech Jorger

BEwWARE OF EFEL)CIENCY CHANEES IN THE
OCTECTORS OR SPIN DEPERNDENT BACESAROVNDS.
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SUMMARY

« ESTIMATED STATISTICAL DNCERTMNTIES oON LHean
POLARIZATION EO0R SINCLE BYPNeNES AHRE

¢j)
SP , ;ﬁ.‘n 2 to.0% en?
20.0) N-inclvsives

- SYSTEMATIC ERRORS FROM dR, »dny (£a)
CAN DE MADE SMALLER THAN STATISTICAL
ONCERTAINTIES I dR )S STABLE (Cdetecior

cffrcrencies, Parget end beaw pesihiw, ees)

EEFICIENCIES MVUST PE CONSTANT IO €€0.)9,
Fom DmeES 2 (Lod (230 nsec),

TARCET POSITION AND THICKNESS, BGAM PrAsE
SPACE CHANGES MUST MNOT B& CORRELATED
WITH POLARNBATION S$I6N GITHER. THESE
ALsSe ConTRIBVTE To dn”

*IT WLt RE DIEFICOLT TO0 EsTIimaTé &,
FROm PoOlArOMETER DOATA,
This neteds o be eosirmared Ffrom simviatrons

0¥ Fhe polarimePer decion
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* 0'(P»“)) wnd o (F u)), assvmed Jo Do vgua)
*he 6veregs, cen de cstimered Frem c(d,w)
end sre}isris.

This mey differ Srom F5i)l 3¢ £l
Perhaps cress check with »he AES pelazimoter

e 0léan) con be estimarad From OPCJ, an)‘

;. ol tw) , ond stedistits, A nenzere &(€a)
i wov)d Indicare systemearic errprs!
én and olER) may be FIime dependean?,
and covld very Frem £ do £iv).

* Tes?s For dorecror efficiency or deam »hase

Spece chenges ere possidle ysing reledive
mPsasities end Juminesiries, avew wirh
vnpolerized deam,
Phase space For bunches thet ‘coliide” with
seme Cmply bvnches mey cwlve differearly
wirhin a £ Fhan bvaeves ‘thet only
"colide U with Fvil  bunches,

The differealr RHIC deractors sdewd

work trogseirher 1o pecform seme of Ihese
chocks.
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FERMION BOSON COLLISIONS
AND SWIFT PROTON POLARIMETRY

Nigel H. Buttimore
University of Dublin, Trinity College

RIKEN BNL RHIC SPIN MEETING
6—8 October 1999

Summary

The spin asymmetries for proton carbon and proton deuteron elastic scattering
are studied at small angles in the context of understanding spin dynamics at
high energies for the purposes of measuring the polarization of proton and ion
beams. The effects of spin dependence, dispersive spin-independent amplitudes,
and the Coulomb phase are addressed in particular. Electromagnetic helicity
amplitudes for proton deuteron collisions resulting from single photon exchange
have been calculated, those prominent at low momentum transfer and high energy
being exhibited. The character of the maximum asymmetry for polarized protons
scattering on bosons of low spin is dicussed, focussing on the dependence upon
spin and phases that is important for polarimetry.

1. Introduction
QCD expectations of contributions to the spin of a proton from quark and gluon
spin and angular momenta require protons with polarization known to 5%

S =AY+ Ag+ L+ L,.

The use of scattering in the Coulomb nuclear interference region to generate large
neutron polarization has been studied by Schwinger, Phys. Rev. 69, 681 (1946).
Polarization in hadron induced processes at RHIC has been considered by Makdisi
at Spin96, Amsterdam (p. 107) and polarimetry for polarized proton colliders with
a jet target by Penzo et al (p. 810). The spin dependence of high energy proton
proton scattering has been examined in the context of a pp polarimeter by NHB,
Kopeliovich, Leader, Soffer, Trueman, Phys. Rev. D59, 114010 (1999).
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Proton carbon elastic scattering in the interference region has been proposed
by Kurita and the E950 Collaboration as a polarimeter for RHIC (see Spin82,
Brookhaven, p. 634). A further example of a fermion boson collision process
with interesting spin dependence involves small angle proton deuteron scattering
with its twelve independent helicity amplitudes. Proton carbon collisions provide
a context for a study of the proton deuteron case.

2. Single spin asymmetry for pC
General principles do not require that spin dependence vanishes with increasing

energy. A common spin formalism uses helicity amplitudes in terms of which the
asymmetry for proton carbon elastic scattering is

An = 2Im (fi* fao) [ (IFealP + |F+- )

where there is an electromagnetic component f; + e f¢, (j = ++, +-) that
involves a phase shift § = o (Z1n|2/bt| — Zv + ---) Cahn, Z. Phys. C15, 253
(1982) resulting from higher order Coulomb effects that involve b, the slope of
the differential cross section.

Interference between nonflip amplitudes f$(s,t) and f.,(s,t) is prominent
when ¢t = t. = —8nZa /o (pC) &~ —0.0013 (GeV/c)?. The approximate one
photon exchange helicity nonflip amplitude at high s and low [¢|

o Zas
=Rl FE

uses proton Dirac and carbon electromagnetic form factors normalized according
to F1(0) = 1 and F(0) = 1. The ¢ dependence of the form factor product is
similar to the hadronic ¢t dependence of f,, at small angles, tending to cancel in
an asymmetry. The corresponding helicity flip amplitude,

Zas K

+_—_\/:f§n—zF2(t)F(t)

em

involves the Pauli form factor F3 of the proton. Here F5(0) = 1, the magnetic
moment of the proton is K + 1 = p = 2.793, and m is the proton mass.
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3. Asymmetry maximum for pC

The Coulomb phase shift § of about 11% in the interference region for a carbon
target with Z = 6 suggests that trigonometric approximations for, eg, cosé
should be avoided. Assuming that the hadronic imaginary part has exponential
dependence on small ¢ the asymmetry may be written in an approximate two-part
form to show the p dependence and spin dependence with a numerator

mAy 167 do_y,

o te
— %dte = [(,u—l—ZImr)COS(S—(p—ZRer)smé]?

—2Rer+2pImr

and a denominator, the scaled unpolarized differential cross section

16m do 5 [tc\? . 2
2 € = (?) —2(pcos5+sm6)¥+1+p
where the hadronic nonflip ratio is p = Re f, . /Im f,, and a kinematically scaled

hadronic ratio of the helicity flip amplitude is defined as

m f+-

X .
v—=t Imfi.

The maximum of the interference asymmetry near tymax = V3 t. depends on the
parameters p, 6, Rer, and Imr, and, to first order in these quantities, it is

r =

max
54—m_\/éNT—max = 1+ ?(p-f—& — %(Imr—- V3Rer).

A negative value of p(s) would reduce the asymmetry maximum in pC elastic
scattering. A p value of —0.2, for example, contributes at the level of —17%
to the maximum of Ay in the interference region; and proportionately for other
values of p. Note the importance of knowing the Bethe phase § also. A study
of the pC differential cross section at interference would provide values of p at
particular energies. A combined analysis of Imr and Rer in the context of the
use of analyticity in a dispersion relation could provide further constraints on the
hadronic helicity flip amplitude.
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Negative C-parity forbids three gluon exchange in pion-nucleon, kaon-nucleon,
and pC elastic collisions. A study of multiple gluon exchange would lead to
additional understanding of the rdle played by the helicity flip amplitude in pC
asymmetries.

4. Spin asymmetry for pd collisions

For proton deuteron elastic scattering the 36 possible helicity amplitudes may be
reduced to 12 independent amplitudes under the assumption of time reversal and
parity invariance. Of the hadronic amplitudes, Hi(X,, Mg Ap, Ag) with A, = +
and Ay € {+,0, —}, four ( = 1~-4) can be non-zero in the forward direction, five
(1 = 5-9) have /¢ single flip dependence, two (i = 10-11) have —t double
flip dependence, and Hya(+—; —+) has —t1/—¢ dependence. The asymmetry at
interference involves the significant amplitudes

QIm[Hﬁ* (H1+H4)+]

A —
N T HP+ [Hol? + [Hs? + |Hal2 + 2| Ho2 + - --

where each includes an electromagnetic element related to spin 1/2 and spin 1
electromagnetic currents, Waldenstrgm, Nuovo Cimento 3A, 491 (1971). The
one photon exchange helicity amplitudes, calculated by Corbett, MSc TCD 1984,
have approximate form (and here H5™(+—; —0) is insignificant)

. . as
H™(+7;+7) = —t—Fl(t) FA(t)

in the nonflip case labelled by 7 = 1, 3, 4 for deuteron helicities j € {+, 0, —},
respectively, where Fi4(¢) is a deuteron electromagnetic form factor. The proton
single flip amplitudes Hf™(++; ——) and H§™(+0; —0) are unimportant, but

m as K
HE™ (44 —+) = —= o~ F(t) F(1)

while the deuteron single helicity flip electromagnetic amplitudes are

as

HE? (++; +0) = Hg (+0; +—) =

1
A oar
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where G3(0) is related to ug = 0.8574, the magnetic moment of the deuteron,
and M is the deuteron mass. The double spin flip amplitudes, H{(++; +—)
and H{P(+0; —+), play no rdle in the interference region.

5. Asymmetry maximum for pd

The Coulomb phase shift § is about 2% in the interference region for a deuteron
target. Assuming that the hadronic imaginary part has exponential dependence
on t, the proton spin asymmetry shows spin dilution

3mAy 16w do _, lc

>Vt ok, di 1728 mr — (p er) 8]~
—2Rer+2pImr

where the unpolarized differential cross section is

167 do
Oy dt

-bt tc2 tC 2
e=(7) ~200+0)F+140+

with ratio p = Re H,/Im H., referring to the hadronic non-flip amplitude H,
(an appropriate average of H;, Hs, and Hy) and a kinematically scaled hadronic
ratio of the proton helicity flip amplitude is defined as

. m % Hs
‘\/—t ImH+

Again a negative value of p(s) would reduce the asymmetry maximum in pd elas-

tic scattering. A detailed study of the pd differential cross section at interference
could provide values of p at particular energies. Helicity dependent terms could
then be isolated and their energy and momentum transfer dependence studied to
facilitate the understanding of proton deuteron spin structure at smaller length
scales (Kumano, 1999).

| am grateful to Enterprise Ireland for partial support under its International
Programme 1C/1999/075.

218




Summary

e The elastic reactions pC, pp, and pd form a sequence of processes with
increasingly rich spin structure

e The maximum spin asymmetry at v/3t, depends on p(s) and the hadronic
helicity flip amplitude, as does the optimal figure-of-merit at ¢,

e The pC maximum asymmetry, in the absence of spin and p effects, is ex-

pected to be reduced from the pp value by a factor \/ 6 o (PP)/Tt0t(PC)

e The pd maximum asymmetry, likewise, is expected to be reduced from the

pp value by the factor (2/3) \/atot(pp)/otot(pd) if the pure spin elastic
amplitudes, H;, Hs, and Hy, are equal.

e A study of CNI asymmetries for polarized proton nucleus collisions would
offer a considerable increase in the understanding of proton ion spin depen-
dent dynamics. Such knowledge would have significant impact on proton
and ion polarimetry.
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Experimental Design

TOF measurement

\ MCP

Micro ribbop Carbon target
Sug/cm 10 um

e ”
MNEN 0,
N\ N 2w
NN ‘ E a4
SO Ay
~ ’ ,/
< N ~r s ’

Silicon strip
detector

RN
e
SooN
\\ \\
\\ \\
AV
A

Energy measurement

6¢h,4mm/strip

surface:bare Si

@y r gy

e

Vigvd
! Ve
d - P

Carbon foil
Sugl/cm® 0 13 25 cm

E950 Detector Arrangement
Kazu Kurita/RIKEN, RBRC 5
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Asymmetry

Carbon asymmetry is
statistically significant

The physics asymmetry
increases with arrival time
=> consistent with theory

Effect of different
discriminator threshold
was found to be very small
Asymmetry of prompt is
less than 0.001

Other systematic error
study is being done

0.007

0.006

0.00s |-
o i
N [
Q)| o004 F
é 0.003 -

)
<

0.002 |-

0.001

- E950 Preliminary
"
+

Error bars are
statistical only

Time bins

Kazu Kurita/RIKEN, RBRC
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Summary

1, We successfully detected carbon recoils inside the
AGS ring |

. 2, We see asymmetry

~ 3, tdependence seems to be qualitatively consistent
with theory but we are not ready to compare with
theory quantitatively

-4, Error from calibration is under evaluation

5, We started the preparation for RHIC pC CNI
polarimeter

Kazu Kurita/RIKEN, RBRC 19




The RHIC Polarimeter—Preparations

Haixin Huang

Brookhaven National Lab

Abstract

This presentation summarizes the current layout of RHIC CNI polarimeter
in one ring. The compact design of 1.5meter long target box hosts two tar-
get assemblies(vertical and horizontal) and six detectors, which can scan the
beam polarization profiles vertically and horizontally. In foreseeing the limited
lifetime of the target, three target ribbon will be used for each target assem-
bly. The target is a 44 m/cm?, 64 m wide carbon ribbon. This kind of target
has been used successfully in AGS E950 experiment. A p-Carbon quasi-elastic
polarimeter working at injection energy will be installed for cross check pur-
pose and it shares the same target with CNI polarimeter. In the future, a
pion polarimeter will be installed in yellow ring, which utilizes five C-magnets
and four existing hodoscopes used in E925. By comparing with data taken
at 22GeV/c(AGS E925) and 200GeV/c (Fermilab E704), it can provide direct

calibration of analyzing power of CNI polarimeter at these two energies.
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RHIC Polarimeter Requirement

Short Term RHIC spin program schedule

FY2000: commissioning one ring up to 100GeV with
polarized beam

FY2001: Physics run at 100GeV (both rings
polarized)

need a fast and reliable polarimeter with 10%
relative error in a few minutes or seconds.

Y
10/8/99 2 Haixin Huang/BNL BROOKHRUEN

NATIONAL LABORATORY
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RHIC pC CNI Polarimeter Plan

@ Installation in the RHIC ring by Mar. 2000

® Vacuum chamber due at the end of October

® Target design similar to the AGS one

® Detector assembly modularized

® Data Acquisition ( remote controllable)

e Improvement on the electrical noise reduction

10/8/99 4 Haixin Huang/BNL BROOKHFAYEN

NATIONAL LABORATORY
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pC CNI polarimeter for RHIC

e 1.6m long(5:1 tapering
on both ends)

e17cm radius

3 pairs of SSD detectors

evertical and horizontal
targets

ecapable of measuring both

vertical and horizontal

beam polarization profiles

oY)

-
10/8/99 8 Haixin Huang/BNL BREOOKHIAVEN

NATIONAL LABORATORY
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RHIC Polarimeter Schedule

FY2000: p+C CNI Polarimeter in blue ring, with a possible p+C
elastic scattering polarimeter for injection energy only

FY2001: p+C CNI polarimeters in-both rings
p+C —— 7T +X in one ring

p+p CNI with unpolarized gas jet target(PP2PP)

FY200n: p+p with polarized gas jet target

f\\m
10/8/99 15 Haixin Huang/BNL Bﬂﬂnﬂﬂﬂaﬁﬂ

NATIONAL LABORATORY




Physics Asymmetries Using Bunch Polarizations
and Crossing Luminosities

Gerry Bunce, BNL and RBRC
RHIC Spin Workshop, October 1999

False asymmetries are always a central concemn in spin physics. Often
we arrange our experiments to frequently reverse the spin of the beam or target
or reverse the spin effect in the apparatus. The beam reversals may take place
every accelerator cycle (AGS),every month (electrons for Hermes), or never
(muons for SMC).

At RHIC each bunch is prepared independently, allowing us to reverse the
spin for adjacent stored bunches, giving spin reversals every 100 nanoseconds.
Thus, apparatus acceptance for, say, (++) and (+-) collisions will be identical to
high precision. However, we face some new concems at RHIC: since the
bunches are prepared independently, their polarizations can vary as well as
numbers of protons in the bunch and emittance of the bunch. Also at RHIC,
different pairs of bunches collide at each experiment (actually the same pairs
collide at locations 6 “hours” apart—at Phenix and at pp2pp/Brahms for
example). The luminosity seen at STAR will not be the same as the luminosity at
Phenix, and the average polarization the beams at STAR will not equal the
average polarization at Phenix, and neither will equal the average polarization
seen by the polarimeters. (The polarimeters will see all bunches, but the
experiments only see bunches that collide—some bunches pass the detectors
with an empty bunch in the other ring. Strings of empty bunches are needed to
abort the beam; we may also want empties to measure background.)

If each experiment measures a relative luminosity for each crossing, and
the polarimeters report polarizations for each bunch to the experiments, we can
construct effective beam polarizations at the experiments, weighted by crossing
luminosity. At Phenix we are preparing electronics to keep track of 4 luminosity
monitors, for each crossing, or 480 scalers. This is part of the triggering system
so that only “live” luminosity will be monitored. We will also prescale triggers
from the luminosity monitors to keep track of the acceptance of the monitors
compared to the physics triggers (in the crossing diamond, for example).

The monitors for high luminosity have not been chosen yet. Concemns are
saturation for 2 collisions in the same crossing, and statistics since we want to
keep track of relative luminosity to 10%t0 10, (Note that this is relative to (++)
vs. (+-) bunches; the monitor response can change slowly with time.) One
approach is to use an inefficient luminosity monitor. We will have 10" crosses in
10° seconds, and we need 108 counts in the monitor. Therefore, the monitor can
have 107 efficiency, which would eliminate saturation concems. We will also be
able to sum energy or multiplicity as luminosity monitors.
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Weighted Polarization for RHIC

Li* = luminosity for crossing i, + polarization bunches

P;* = polarization of bunch i, + polarization bunches, from polarimeter
For a single spin asymmetry, A,,

Pr=XLi"P*/ZL", P=ZLiP/ZL

Pavg = (P+ + P')/2 ; P = (P+ - P')/2

AL=1/Payg X (N* =N )/[(N"+N)=(N"=N)X Py / Pavg ]

(N*" are the normalized counts for a physics signal for the

+/- bunches respectively, N* = Counts® / L*, where the counts and
luminosity are summed over the + bunches, etc. for N .)

For a double spin asymmetry, Ay,

P = (ZPy Py L™+ 2Py Py L)/ (L™ +2ZL7),

P = (2P Py L™ +Z Py Pu LT )Y (ZLT+ 2 L)

where P, is the polarization for bunch i of beam a, + bunches,

and L;" is the luminosity of crossing i for the combination of +
bunches in beam a and — bunches for beam b, etc.

Pag= (P +P"™)/2, Pgg=(P™*"-P™*)/2

Arp = 1Paygx(N™ - N™7) [ [(N* + N7™) — (N™" - N*™) X Pgis/Pavg]
and N~ = (Counts™ + Counts™)/(L** + L"), with Counts** the number

of counts for a physics signal with beams a and b both pol. +.
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Polarized Proton Luminosity (1 collision/cross for L=2 x 10%)

-Accelerator luminosity measurements => absolute luminosity to
<10% ??

-No present candidate to monitor luminosity at Phenix with a known
cross section for proton-proton collisions => no present second
handie on absolute luminosity

-Need 4 monitors of relative luminosity for polarized protons
4 monitors: cross check linearity, not sensitive to beam
polarization, both “0™ and “90™ monitors to be sensitive to
different crossing diamonds
Possible monitors: subset of Beam-Beam; subset of Emcal;
etc. Problems: saturation and accidentals from more than one
collision in a cross. This is a work in progress.

-Live relative luminosity is needed => for spin, we need to only count
live luminosity, not correct total counts with a livetime fraction
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-One approach on polarized proton luminosity monitors—very
inefficient monitors to avoid saturation and accidentals:

N, / N/
ALL" A)ZXN/ N+_ =

-for jet production N = N,, + N,. can be 10° over entire run of 4
x 10° seconds

= statistics of L = L,, + L,. = 108 desired
= out of 107 crosses/second, or 4 x 10™ crosses
= monitor should be >2.5 x 10°® efficient

-a counter telescope looking at the interaction region is an
example

-Another approach: “analog” sum such as multiplicity or energy

The polarized proton monitors have to be decided and built for the ond
RHIC run—to be continued.
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Design Issues for the Luminosity Electronics
-Live luminosity

-4 monitors to cross check for linearity, independence from beam
polarization, different acceptance for interaction diamond

-Monitor each crossing: learn about/throw out bad crossings, crossing
tag for each trigger, complete flexibility to determine polarization
weighted by luminosity. We will have all information on tape that we
need in case of a mistake in polarization sign, for example (which
happens!). On-line equivalent of a spill monitor. Create beam-beam,
beam-gas, gas-beam, and gas-gas monitors and normalization.

-4 x 120 = 480 scalers

-Reset the luminosity scalers for crossing that causes trigger. These
4 scalers are kept with the event information => tape. Each trigger
then has incremental flux information from the previous trigger for that
crossing. The order of the events on tape is no longer important. By
resetting and keeping just the 4 scalers which are for the triggered
crossing, the event size is manageable. (Mike Tannenbaum)

-For Level 2 trigger and for data summary tapes, a short scaler record
must be passed along if an event is rejected. (Brian Cole)

-Trigger on prescaled luminosity monitors. This gives us information
on, for example, the vertex seen by the monitors vs. the vertex seen
by the physics triggers. We can then correct for a difference.

-There can be only one busy and deadtime. All detectors

participating in physics for which luminosity is needed must be in the
same partition. Period.

The electronic design meeting these needs is by Fred Wohn and

John Lajoie from lowa State.
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(15-June-1999 J.Lajoie)

GL1-1P BOARD: GL1LUMINOSITY TRIGGER BOARD

LUT INPUTS COME FROM GLI'S "INPUT DATA BUS"
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np Charge Exchange Polarimetry

E.J. Stephenson, for the E948 collaboration
Indiana Unaversity Cyclotron Facility, Bloomington, IN 47408 USA

In order to address concerns about present polarimetry efforts (low analyzing power, cost of
setup), we began an exploration of the production of neutral hadrons and an alternative analyzer.
The idea arose from measurements below 12 GeV/c of charge exchange n+p scattering at small
momentum transfer —u that show typical analyzing powers of A = 0.6 [PRL 30, 1183; PL 31B,
617; and PRL 45, 1529]. These measurements would suggest that the best operating point or figure
or merit would be in the range 0.2 < —u < 0.4 (GeV/c)?. In March, 1999, we took data with the
22 GeV/c polarized proton beam at the AGS to test this idea.

As shown in the Figure 1, we assembled a polarimeter mockup consisting entirely of scintil-
lation detectors. This assembly was not designed to measure the n+p charge exchange reaction
only, since it had large angular acceptance and poor energy resolution on the forward hadron. It
consisted of a left-right pair of recoil scintillators that covered 22°, an angle chosen to include
quasi-elastic scattering from a nucleus, and two forward telescopes. The telescopes were each made
of 4 lead-scintillator calorimeter bars arranged in a square. In front there was a charged-particle
veto detector. In between were two layers of lead with a scintillator in the middle that was designed
to mark electromagnetic showers. A trigger consisted of a 31gna1 in the recoil detectors on one side
in coincidence with a calorimeter signal on the other side:

In analysis, cuts were made to require recoil signals larger than minimum ionizing. A minimum
energy was required for each of the four calorimeter bars on each side. This selected events that
fell near the intersection of the four bars. A crude estimate suggests that we were sensitive to
0.25 < —u < 0.42 (GeV/c)%. Events were then divided into four classes (see Figure 2) depending
on whether there was a signal in the charged particle veto {charged vs. neutral) and whether there
was a signal in the shower scintillator (signal marked electromagnetic, no signal marked hadronic).

The charged, hadronic events were consistent with a monoenergetic peak whose rate was close
to that expected for p+p elastic scattering. As shown in Figure 3, the analyzing power for these
events (black dots) was consistent with previous measurements of elastic scattering. The beam
polarization of 43% was provided by E925.

The neutral. hadronic events were peaked at a lower calorimeter energy. As shown in the
left panel of Figure 4, they exceeded by more than an order of magnitude the rate expected for
charge exchange, based on known cross sections. In addition, the analyzing power varied across the
calorimeter energy peak, confirming that this distribution arose from the overlap of many reaction
processes.

The utility of this as a polarimeter depends on the sensitivity to spin that is shown in the right-
hand panel of Figure 4. (The boundaries for the five bins are shown in the left panel.) The maximum
analyzing power on carbon, the target most likely to be used at RHIC commissioning, reaches
about 10%. Data taken using a CD, target shows a larger analyzing power. Subtraction gives the
analyzing power for deuterium alone, which reaches 30%. The difference between deuterium and
carbon arises in part from a much larger excess of other neutral-producing processes in carbon.

Figure 5 tabulates the figure of merit (0. A?) for a number of target and software cut choices.
Within a factor of a few, they are similar, indicating no striking statistical advantage for choos-
ing neutral production over elastic scattering, save for the systematic advantages of a larger spin
dependence.

To further develop this option, we would need a better understanding of what reaction processes
produce the neutral spectrum, and how the spin dependence would evolve with increasing energy.
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COMPARISON TO ELASTIC
SCATTERING ANALYZING POWER

Open circles = data from Crabb at 24 GeV/c
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Average beam polarization = 0.425 + 0.055
(preliminary)
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“NEUTRAL, HADRONIC” SPECTRUM

The spin dependence changes with
calorimeter energy. Results are

Open circles =
shown for 5 bins. /

deuterium alone
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FIGURES OF MERIT

(hadronic)
c (ub) A F.O. M.
charged:
C 1340 0.0271+0.0024 0.98

CH, 4030 0.0273+0.0025 3.00
CD, 3445 0.0341+0.0019 4.01

neutral, full peak:
C 167 0.0400=0.0069 0.27
CD, 245 0.0564=0.0054 0.78

neutral, upper half of calorimeter energy:
C 87 0.0610=0.0096 0.33
CD, 136 0.101550.0074 1.40

deuterium only:

charged 1051 0.0387+0.0079 1.57
neut., all 39 0.0915%0.0268 0.33
neut., top-E 24 0.1753%0.0351 0.75

charge-exchange (anticipated):
6.2 0.4 0.99
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A Polarized Atomic Jet Target for RHIC Polarimetry

H. Kolster®, T. Wise?
S NIKHEF /Vrije Universiteit Amsterdam, 1009 DB Amsterdam, The Netherlands
b University of Wisconsin, Madison, WI 53706 USA

Abstract

The advantages of internal polarized targets for the operation in storage rings and their
high polarization give a possible basis for the polarimetry at RHIC. The restrictions in the
use of an internal target for RHIC polarimetry are given by high reliability and precision
with minimum effort. These criteria can be met if the internal target is operated near the
high polarization limit —-100% polarization- and the analysis of the target polarization
1s limited to monitoring the performance near this limit. The general design is based
on injecting a nuclear polarized beam from an atomic beam source (ABS) [1,2], into the
interaction region and then analyzing the beam polarization. Typical beam intensities
for standard operation of atomic beam sources are I = 6 x 10'® atomss™! resulting in
an equivalent beam pressure of P, = 107° mbar in the interaction point with the proton
beam. The nuclear polarization of the atomic beam can be achieved by use of an adiabatic
transition, which follows the sextupole magnets of the ABS. The atomic jet beam is
analyzed in a sequence of an adiabatic transition, a sextupol magnet for separation of
electron polarized hyperfine states and a quadrupole mass spectrometer, which functions
as a detector for the intensity of the atomic beam [1,3]. Beam blockers, which are installed
on axis in the sextupoles in ABS and analyzing magnet block out particles on axis, helping
to optimize the rejection efficiency of the sextupoles. Thus a polarized beam can be
produced in the interaction point, whose composition of hyperfine states is known with a
precision of AP, = 2 — g + &5, the sum of the inefficiencies € of both RF-transitions. The
adiabatic transitions can be operated with an efficiency up to ¢ = 99.5% +1% [1] resulting
in high nuclear polarization of the jet beam. The nuclear polarization is then calculated
from the occupations of hyperfine states in the beam, P, = ny — ny — (n3 — n4) cos (B)
(1,3], where 6(B) gives the dependence on the magnetic holding field.

The unpolarized background resulting from ballistic flow of molecules from the dissociator
into the interaction region and from diffusive flow between the ABS, target, and analyzer
chambers give a unpolarized contribution aq to the target. High speed pumping on the
target chamber and a beam dump in the analyzer chamber help to reduce the pressure and
the unpolarized background in the interaction region. Calibration measurements simulate
the gas flow into the target chamber and allow to measure the unpolarized background
on the percent level [3].

A holding field at the interaction point is required to define the polarization direction of
the jet and to decouple the electron and proton spins for atoms in state 2 and 4 (mixed
state atoms). At a field value of 250mT, 5 the critical field for hydrogen atoms, the spins
are well decoupled (cos ( B) — 1) and the mixed state polarization approaches 100%. The
jet target polarization including the unpolarized background results in Pr = «aq - P, with
an estimated uncertainty of AP, = 0.02 and Aap = 0.01 [1,3].

(1] B. Braun, Ph.D. Thesis, Ludwig-Maximilians-Universitat Minchen, Germany (1995)
(2] T. Wise, A.D. Roberts, and W. Haeberli, Nucl. Instr. and Meth., A 336 (1993) 410

[3] H. Kolster, Ph.D. Thesis, Ludwig-Maximilians-Universitdt Minchen, Germany (1998)
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Polarimetry at the Experiments

Kenichi Imai
Department of Physics, Kyoto University and RIKEN.

The polarimetry at the experiments, especially PHENIX and STAR, is
important because of the following reasons; 1) The beam polarimeter only
measures the transverse polarization while the polarization direction will be
rotated into the longitudinal direction at the PHENIX and STAR in most
cases. 2) There may be a phase space dependence of the beam polarization.
3) The beam polarization is not continuously monitored with the CNT and
pion beam polarimeters due to the radiation and heat of the carbon target.

It is important to confirm the operation of the spin rotator. To confirm
the fully longitudinally polarized beam, it is sensitive to detect the trans-
verse component of the beam polarization. If any sizable Ar in any reaction
process is found and the figure of merit is large enough, then one can use
such a process to monitor the transverse polarization in the experiments by
themselves. The large A7 was observed only at large Xz (larger than 0.3)
with low P; which is not covered by the PHENIX and STAR. (At high P,
the figure of merit is very small because of the low event rate even though
the Ar is large.)

We propose one method which utilizes an small electro-magnetic calorime-
ter surrounding the beam pipe to detect 7% at large Xr, where Ar is ex-
pected to be more than 10%. A simulation showed that the transverse com-
ponent of the beam polarization in both horizontal and vertical directions
can be measured at a few % level within several hours.

Possible methods of relative monitor of the longitudinal polarization at
the experiments are briefly discussed. If the gluon polarization 1s relatively
large, one can expect a finite Ary, even at rather low P, for the inclusive =°
at PHENIX and jet at STAR. which will be useful to monitor the product
of the two beam polarizations. To monitor the polarization of each beam,
one needs a parity violating process such as the deacy of the longitudinally
polarized A of which polarization is transfered from the proton.
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right around the beam pipe. The rzd. lengili ci the materisl

should be as short as posegible. For example, PbW[)oxr PbF etc.

Tf we make 4x2 block for each czlorimeter, we need g4cryscal /zrm

S} Rate and precisicn of spin direction measurement

{ in pr %6°< )
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* Result * [

error estimation®of polarization determlnatlon
and trigger ratio

t:igger
ratio

. 7B+4 /sec
.2E+2/sec

.2E+5/sec
.1E8+3/sec
.7E+2/sec

.5E+3/sec
.0B+1/sec
.8E-1/sec

error
p_T cut estimation
0.5GevV/c 0.065
1.5GeV/c 0.075
2.5GevV/c 0.132
0.5GevV/c 0.109
1.5GevV/c 0.106
2.5GevV/c 0.127
0.5GeV/c 0.047
1.5GevV/c 0.066
2.5CevV/c 1.545
C.5GevV/c 0.057
1.5GevV/c 0.057
2.3GeV/c C.069

0s+4/sec

.1E+3/sec

erstul

Table 1: Properties of Crystals for Calorimetry at pp colliders, compared to BGO

Crystal Type and Properties
Bi:CG=a0:- Bal» CeFa [Fowoql Parameter
7.13 488 6.16 8.28 pla/cm’)
215 1.49 1.62 230 n
112 2:06 1.68 0.33 rfemi  20¢m=
218 299 262 7ifem)
233 3.39 2.63 2,19 Molisre Radius {cmi
<80 195-220/310 3:0/300 440/530 Jmax[nm]
300 0.8/630 3075 2.2/9.9/39 t{ns]
109 16/100 55 4.4 Light Yicld [% of BGO]
-1.55 0.14 -1.9 Temperature Dependence [ %6/T)
10 >10* >10° ? Radiation Hardness [Gy]
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AGENDA
RIKEN BNL Research Center

Workshop on RHIC Spin
October 6—8, 1999

Physics Department - Large Seminar Room
Organizing Committee: Les Bland, Mike Tannenbaum, Aki Yokosawa,
Yousef Makdisi, Naohito Saito, Thomas Roser, Bob Jaffe
Jacques Soffer (cochair), and Gerry Bunce (cochair)

Wednesday, Oct. 6
Opening Session — Session Chair: Jacques Soffer

08:45 T.D. Lee Welcome—(TBC)

09:00 G. Bunce Introduction to the RHIC Spin Workshop

09:15 S. Peggs RHIC commissioning in 1999

09:30 D. Lowenstein RHIC plans for 2000

09:45 W. Mackay ] Intro. and status of pol. protons at RHIC

10:15 Coffee

10:30 S. Vigdor/G. Eppley The STAR spin program—overview and status
- 11:15 N. Saito Progress of the Phenixz Spin program

12:00 A. Penzo The pp2pp spin program

12:30 Lunch

Gluon Polarization — Session Chair: Naohito Saito

13:30 M. Werlen Direct photon experimental results and issues

14:15 M. Tannenbaum kr issues

14:45 R. Jaffe Angular momentum in QCD

15:30 Coffee

16:00 Y. Goto Pheniz gluon polarization sensitivities and issues

16:30 L. Bland STAR gluon polarization measurements

17:00 J. Balewski Rate capabilities for STAR for spin

17:30 A. Deshpande SMC gluon polarization from QCD analysis

18:00 R. Kaiser HERMES results on gluon polarization

18:30 S. Bravar COMPASS plans and sensitivities

19:00 End of Session

266




Thursday, October 7

Quark Polarization — Session Chair: Les Bland

09:00
09:25
9:50

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

J. Pretz
R. Kaiser
A. Ogawa

S. Kumano
N. Saito
V. Rykov
J. Soffer

SMC semi-inclusive results

HERMES semi-inclusive measurements of quark pol.

W production with STAR

Coffee

Flavor asymmetry in long.-pol. and transv. distributions
Discussion on quark polarization

CP tests and physics beyond SM at RHIC

Comments on physics beyond SM at RHIC

Lunch

Transverse Spin — Session Chair: Aki Yokosawa

13:30
14:15
14:45
15:15
15:45
16:15
16:45
17:15
17:45
19:00

J. Ralston
D. Underwood
S. Nurushev

R. Kaiser
D. Boer

J. Collins
E. Di Salvo

Friday, October 8

Spin and the well-dressed quark

Pion asymmetries

Recent results on inclusive pion asymmetries

Coffee

Hermes azimuthal asymmetry

Transverse spin distribution and fragmentation functions
Consequences to the RHIC spin program of the Hermes results
Transverse spin asymmetries in Drell Yan

End of Session

Conference Dinner (sponsored by RBRC)
Dockside Restaurant, Port Jefferson

Accelerator Session — Session Chair: G. Bunce

09:00
09:15
09:45
10:15
10:45

A. Lehrach
M. Bai
A. Lehrach

T. Roser

Mazimum polarization from the AGS

rf dipole studies and plans in AGS and RHIC
Beam polarization distributions for RHIC
Coffee

Bunch pol., variations, other systematic issues

Future spin possibilities at RHIC

11:15
11:45
12:15

S. Peggs
A. Deshpande

eA and ep collider studies for RHIC
Physics of polarized ep colliders at RHIC and HERA
Lunch
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Polarimetry for RHIC — Session Chair: Yousef Makdisi

13:30
14:15
14:45
15:15
15:45
16:15
16:30
17:00
17:30
18:00
18:30

I ) 2|

HRIDEQ

. Spinka,
. Buttimore
. Kurita
. Huang

. Bunce
. Stephenson
. Kolster

Imai

. Makdisi

Systematics in polarization measurements

Fermion boson collisions and swift proton polarimetry
p-carbon polartmetry—an update

The RHIC polarimeter—preparations

Coffee

Physics asymmetries using bunch polarizations and crossing lum.
np backward scattering polarimetry

Polarized jet for RHIC polarimetry

Polarimetry at the experiments

Discussion on RHIC polarimetry

Workshop End
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Forthcoming RIKEN BNL Center Workshops

Title: Event Generator for RHIC Spin Physics 111
Organizers:  N. Saito and A. Schaefer

Date: March 6-20, 2000

Title: Prediction and Uncertainties for the RHIC Spin

Physics Program
Organizers:  W. Vogelsang and J. Qiu
Date: March 6-31, 2000

For information please contact:

Ms. Pamela Esposito

RIKEN BNL Research Center

Building 510A, Brookhaven National Laboratory
Upton, NY 11973, USA

Phone: (631)344-3097 Fax: (631)344-4067

E-Mail: rikenbnl@bnl.gov

Homepage: http://penguin.phy.bnl.gov/www /riken.html
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