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Prefaceto the Series

The RIKEN BNL Research Centerwas establishedthisApril atBrookhavenNationalLabo-
ratory. It is funded by the “Rikagaku Kenkysho” (Instituteof Physicaland Chemical Research)
of Japan. The Center is dedicated to the studyof strong interactions,includinghard QCD/spin
physics,latticeQCD andRHIC physicsthroughnurturingof a newgenerationof youngphysicists.

For the firstyear, the Centerwill haveonly a Theory Group, withanExperimentalGroupto
be structuredlater.The Theory Groupwill consistof about 12-15 PostdocsandFellows, andplans
to havean active Visiting Scientistprogram.A 0.6 teraflopparallelprocessorwill be completedat
theCenterby theend of thisyear. Inaddition,theCenterorganizesworkshopscenteredon specific
problems in stronginteractions.

Each workshop speaker is encouragedto select a few of the most importanttransparencies
from his or her presentation,accompaniedbyapage of explanation.This materi~ is collected at
theend of the workshop by the organizerto form a proceedings,whichcan thereforebe available
withina shorttime.

Thanksto BrookhavenNationalLaboratoryandto theU.S.Departmentof Energyfor providing
thefacilities essentialfor thecompletion of thiswork.

T.D. Lee
July4, 1997

This manuscript has been authored under contract number DE-ACO2-98CH1O886with 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 L-.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 evervone 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
httrx//riks~Ol.rhic.bnl.Eov/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.

1
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————. .——

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
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WELCOMING ADDRESS

T.D. LEE

RIKEN BNL Research Center
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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 maybe 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.

9
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RHIC SPIN

● SPINPHYSICSISAN INTEGRALPARTOFTHERHICPHYSICSPROGRAM
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& P?’

● THE CHALLENGE TO THE SPIN COMMUNITY

● WHAT SHOULDWE BEFOCUSINGUPONNEXT?

—

AN ELECTRON RING IS BEING CONSIDERED FOR THE ION PROGRAM

IS THERE A “MUST DO” CASE FOR THE PHYSICS?

WHAT ABOUT el’p~ ?

ION SOURCES OF D?’ AND He3~ ARE BEING CONSIDERED

SHOULD THE ENERGY BE PUSHED TO 350 GeV?

DETECTORS

● UPGRADES

● NEW
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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 maa~et 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



Spin Resonances-and Siberian Snakes
Spin Tune V~P: Number of 360° Spin Rotations per Turn

Depolarizing Resonance Condition:

Number of SpinRotationsper Turn .
= Number of Spin Kicks per Tum

Only Vertical Field

\

[GY=l.79) Gy = V~P = n

Local Spin Rotators (Siberian Snakes)

“i5
NIO”G;’y-$ (Cos(lso”vsp) = cos(tiE) ● cos(U30°Gy)

w
● 3# 0° -+ v~P#. n - M Imperfection Resonances.-

Partial Siberiun Snake (AGS)

● 6 = 180° + V~P = 1/2 * &Imperfection ti
~ Intrinsic Resonances...
Full Siberian Snake

lsOO
Two Siberian Snakes (IUIIC)

● V 1/2, StaMe Vertical PolarizationSp =

I

12
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Polariiters

B

,

wian

+H-+ ----

LRLR RLRL

Rotators = Hor field (at ends) , + = radially “out, ‘ - . radially “in”
Smkes . Ver field (at ends) , + = -“p, ~ .= “down“
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The Helical Dipole Field

Laplace’s Equation (cylindrical coordinates) for the scalarpotential:

a2@ + 18+ 1 $@ + 6’2@ .
-— ——

~ T 6’T + T2 && ~=o’

Separation of vtiables, @ = R(r) Q(#) Z(z), gives

@R+ldR

()

2-— —
p k2+F R=O,

T dr

~+~Q = O,
d~

82
~+k2Z = O.

>-ote:
●

●

●

●

Repeat period of helical field ~ = 2r/lkl

v = 1 since central dipole field repeats sfter @ = 27r

Assume l?. points vertically upward at z = O

E = –V@ gives...

-& = 2~o[~o(kT) – V](COS kzsin~ - sinkzcos @)

~’f) (COSkz COS~ + sinkzsing$)B4 = 2Bo—

B= = –2BoIl(kr)(cos kz cos @+ sinkz sin#)

Look at BZ = Br cos @– B@sin@, BY = B,sin(j+ B~cOS@ ad

expand these fields near the longitudinal axis (z, ~ small); then,

B= =
{

k2 k2
–Bo [1+ F(3z2 + V2)] Sin kz – ~q @s k?

}

BY =
{

k2 k2
BO [1+ #C2 + 392)] COSkz – ~@Il kz

}

B= =
{

kz

}
–Bok 1 + -&2+ y2) [z COSkz + ~Sin kz]

.

.
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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 is 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 is 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

* ful!i3EMC+ full EEMC+ “enhanced” L-++
P-P

S. Vigdor

EXPERIMENT SIMUL’NSTATUS

Probes of Baryon Spin Structure:

1) AG(x) in$: direct extraction for 0.01< Xgs 0.3,

via $+$+~+jet+X @ds=200GeV+500GeV

2) AG(x) sensitivity in ALL for inclusive jet and d(et
production

‘V for $+$-+ W& +X-+3) A~ VS. A~ in $ viaAL
e~ +X @4s=500GeV

4),transvt?rsityin ~ via ATT for inclusive ZO or jet
~r~dueti~n, or via 3-fold correlat~onsin $L +p -+
p~+x+x++x–+x

5) sensitivity to~ spin structure via polariz~d frag-
mentation functions: DLL for $L +p + A + X +
p+n- +X @highpT andz

Essential Calibration/Credibility Checks:

6) A ~ -+ O? for high-pT jet, photon production

7) sensitivity to Aq at Xq >0.2 via $+ ~+ dijet +X
ALL @ mid-rapidityand moderately high pT

Beyond the Standard Model ?

8) A[LV in hard (PT >50 GeV/c) inciusive jet prod’n

17
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p+ + p+ + y +jet +X with STM +EEMC at

~s = 200 GeV (320pb ‘1)

300001-” ‘ ““” , 7

25000 :

20000 :
dN
& 15000;

10000:

n

5000 :

0 r.,

10-2 10-1

0.8

0.4

0

1.2

1
0.8

0.6

0.4

0.2

0

-0.2

Reconstructed Xgluon

+ ds = 500 GeV (800pb ‘1)

Recent simulation results, including
proper DGLAP evolution+ several
different AG(x, Q 2, models, show that
BEMC + EEMC +200 GeV +500 GeV
are all essential to cover a sutiicient
Xgluonrange (O.01-0. 30) to constrain

the extrapolation ~ x-+ O,needed to

determine AG = ~oAG(x) dx to a

precision =k 0.5.

0.8 I 1
1 X2= 0.42
I
I q= 1.~3* 0.62
: a= 0.58* 0.311

0.4 - !I

I 1 I

0.01 0.1+ 0.014 0.1
Reconstructed Xgluon

I /

z]X2= 2.32

q = 0.2>* 0.07

a= 1.52* 0.76

=-5.11A 0.06
8

1
-1 1

!

0.2 - !
11r

o -q111
* 1 I 8 1I

0.01

/
0.1

Gehrmann&Stirling
I I 1I n a a a I,a, a 8 I s 1 ,

. / There are small systematic

XG(X) -----

——————————————-=-—.—--
1 , I , , ,, , , **

arise from
made in a

simplifying
direct recon-

0.001 0.01 0.1 1
x
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struction of AG from the measured
asymmetries. These errors depend
on AG(x, Q2), but can be corrected in
an iterative analysis with the aid of
simulations. Analysis of STAR’s
coincidence data with varying kinematic
cuts is important to test the simulations.
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SensitivityofhclusiveJethymmdries toA~x) for
RHICYear2 (2000-01)& ~ RunningatSTAR

$+~-+jet+XJ ds=200GeV, bft = 1 pb- ‘

0.2

0.15

0.1

0.05

0

-0.05,

0.2

0.15

0.1

0.05

0

-0.05

E“’’I’’’’I’’’’l’”
E-GS --set A 1-
1= I

E- 1

1-———————————f
L -1

0.2

0.15

0.1

0.05

0

-0.05,

E( 1 I t I I I I 1 I I 1 i [ I I I 1 t d

Flllllllllll,flll,lla Prlllll 11111, lllllll+

5 10 15 20 25 5 10 15 20 25
Measured Jet p~ (GeVlc)

I I I I I I I 1 1 I 1 I t t I I 1 1 I

Simulation assumes:
GS -- set C

● Year 2 STAR Geometry
* 42 BEMC modules in west end

0<()< 4.4; Oc’q<l

+ :

● Jet Trigger from BEMC

“*-+--*++ * x ET > 5 GeV over at least————-——— —
one BEMC patch of size

I I I 1 I
(Aq=l ) X (A~=o.84 )1 f 1 1 I I t t 1 I I f

5 10 15 20 25
Measured Jet p~ (GeV/c) ● lnc/ude on/y jets that are = fully

contained within BEMC
* (0.35 c ~jet c 0.65)x

(0.35< @jet < 4-05)

The PYTHIA-generated event sample that passes the trigger
=60%q+g scattering, = 25% q+q
= 15% g+g scattering
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Can STAR DijetSamplebeFilteredloYiiMdSensitMtyto Aq(x) ?

GOAL: 1)Essentialcontact with D~Sresults as credibility check on RHIC
Spin program (earlier and at much higher rate than W+ prod’n !)

2) If rate sufficient, could provide h s~tu relative polarimeter for
product of Ionghchal beam polarizations at the detector
and with normal trigger !

FOCUS: q + q scattering near 6’ - d2 (~ ~~’ = 0.4) and with
X(ql) =X(qz) >0.2 (* @/q > 0.3) = ~@~) -O.O4.

NEED: dijet events with PT >20 GelL/c @ ds = 200 GeV, both near
~jet = o.

EXPLORING MethodstoEnhanceq + q overq + g, g + g :

“1)

2)

Exploit PDF differences: xl =X2> 0.2 [ ~ fqq = ().25 ]

Exploit q vs. g fragmentation differences via cuts on:

a)jet core -- large z ET in narrow EMC patch [e.g., (Aq=O.25) x
(A$=O.2) enhances qq by factor = 1.5]

b) /eading hadronenergy -- Z ,~~~in~ >0.3 favors q over g by
factor = 2

c) charged particle multiplicity in jet --=2 x greater for g jets,
according to OPAL and DELPH 13-jet analyses

QUESTIONS: 1) Can we reach - 80?4 q+q enrichment in sample at
useful rate for polarimetry?

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

.

.
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Measurement of parity-violating single-spin asymmetries for
&~+ W* +X+ et + X in the endcap region allows cleanest
separation of antiquark (A@@) from quark (Aq/q) polarizations

~s = 500 Gee 800pb-1
t’ , I I i

-0.2

-0.4

-1.0 0 1.0 2.0

n (=)

0.4

11

W– production
0.2

+
o “------+--+

-0.2 ++~
980/o

++ ——
-0.4 Au/u

F! 1 I +

-1.0 0 1.0 2.0

~ 1 1

“s & 1“0- ———————_———**+-
$ $ 08 - “ *+*

$lye -0-

a) + 0“6 *

0j$kK!f4. 0 1.0 2.0

v (e–)

-L

0.4

0.2 P ‘ : ‘++

o J
——————————————

w+pruducfkxl + ‘“
-0.2

75?40
-0.4

——
Ad/d

, ! I ! ,
-1.0 0 . 1.0 2.0

‘E’’’’’’’’’lr” 4
0.4

} -4

++
_—i—H—

0.2 ~

7570
0 ——————————————3

Au/u 3

-1.0 0 1.0 2.0
q (e+)

---------------

J—_L+_J
-1.0 0 1.0 2.0

~ (e+)

WA both produced L-handed *

e – emitted preferentially along W – momentum
e+ emitted preferentially opposite W+ momentum

+ W – case gives especially cie~~ quark-antiquark separation
21
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PossibleTimelineforSTAR SpinProgram

RHIC A~
Ops. Eqtiipm’t
Year Status

1

2

3

4

5

Only unpol’d p + p;
4-6 BEMC modules

-l P/# j3+@Dk=
200 GeV; - 1/3 BEMC;
spin rotators @ STAR?

-30pb-1 ~+~@ k=

200 GeV; - 2/3 BEMC;
all rotators installed

-200 pt)-l ~+j?’@ k

= 200 GeV + -200 pb-l
@ 500 GeV; - full BEMC
+ 1/2 EEMC; full Level 3

“filtering”

Physics+TechnicalFocus

Calibrate baseline detector + several
installed BEMC modules.

AT in hard collisions + O ?
Develop RHIC polarimetry & BEMC calib’n;
First glimpse of ALLfor inclusive jet - AG(x)

sensitivity.

ALL for dijet prod’n s sensitivity to AG, Aq;
First useful stat. sample of y, y + jet prod’n;

,,,.Develop TPC pileup reject algorithms.

Full program @ 200 GeV + EEMC calib’n;
First data @ 500 GeV to test rate capability .

+ pileup-rejection + W production bkgds.

>200 pb-l @ ds=ZOOGeV Complete A L (y + jet) for AG(x) @ ZOOGeV;
b>300 pb-i @ 4s=500 GeV A~v (W*, Z ), A ~“ (p~t >50 GeV/c) @

full BEMC + EEMC 500 GeV.

22
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TheSTARSpinProgram,Status

Geaq Eppley, for the STAR Collaboration

October 6, 1999

The STAR experimentatRHIC is a ‘ 4?z ‘ general-purposedetector capable of carrying out a broad
experimentalprogramduringboth heavy ion andpolarized proton operation.The principal components of
STAR thatare importantfor spin arethe time projection chamber (TPC), the electromagnetic calorimeters,
andthe trigger. STAR identifieselectrons,photons,andjets. STAR cannot identify muons and does not

measuremissing ET. The componentsof the STAR detector sit in a 0.5 Tesla solenoidal magnetic field.

The magnetic field hasbeen mappedto a precision of 1-2 Gauss.

ZCal

Barrel EM
Calorimeter

f% I is

Time
‘Projection
Chamber

Silicon
Vertex
Tracker

FrPcs

ZCal

Vertex
Position
Detectors

Central
Trigger
Barrel or
TOF

RICH

TPC

Chargedeposited in theTPC driftsfrom thecenter z = O towardsthe endplaneof the cylinder in each half

of theTPC. Tracks out to I~ 1=1cross all 45 pad rows and thereis acceptable p~ resolution to I~ i- 1.5.

The maximumdrift time in theTPC is 40 ,,USandthiswill generatepileup in theTPC. At the highest

luminositypp running,themeannumberof inelasticcollisions per crossing is about 1. Since the time
betweenbeam crossings is 107 ns, thedataread out from the TPC will be approximatelythe size of a
centralAUAUevent. The out-of-time pileup trackswill need to be i=~ored to perform analysis on these
eventsand will also need to be purgedto reduce theevent size so thatdatamay be capturedat the rateof
15-20 Hz needed for thespin program.
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The TPC is readout by a switched capacitor array.The potentialtotaldatavolume is 137kpads timesa
maximumof512 time slices. This readouttakes 10ms hence thereis 1‘ZOdead time for each eventread out
of theTPC. Since theSTAR spin program requiresa large integratedluminosity,ei%cienttriggeringprior
to TPC readoutis required to minimize dead time.

Barrel EMC

The barrelEMC covers 272 in @ and[~ k 1. The4800 towers are 0.05,0.05 (A~, A@). The lead-

scintillatorcalorimetercontains 21 layers and is 18 radiationlengthsin depth.There is also a 36k channel

gaseousstripshower maximum detector to separateelectrons from hadronsand gammasfrom z 0‘s. The
EMC responseis supplied to the first level trigger (Level O) as 300 logical triggertowers 0.2,0.2

(A~,A@). Theresponseof thehighesttowerineachtri:gertowerisalsosuppliedtoprovideanefficient
electron,photontrigger-Fourof 120 total barrelEMC modules have been installedon the detector and
productionis continuing.A final DOE review is scheduled for spring 2000. See
www.star.bnl.qovKTAR/html/emc I/emc.html.

Endcap EMC

The endcapEMC covers 27z in @ and1.07< ~ < 2.(). The tower size is 0.05,0.1 (An, A@) atlow

7)and0.1,0.1 athigh~ - It is a 24 layer lead-scintillatorcalorimeter21 radiationlengthsin depth.It

includesa 7200 channelscintillating stripshower maximum detector for superiorelectron-hadronand

—

gamma- z 0 separation.It has a more aggressive design thanthe barrelshower max to handlethe increased
energiesencounteredin the endcap. The endcap EMC was recently approved as an NSF project. There is a
testbeam run for a prototype module at SLAC in October 1999. An engineeringreview is plannedin,early
2000. See: www.iucf.indima.ed fixperimen&lSTAWww_bnlloutline.h~l and
www.iucf.indiana.edufExuerimentslSTAR/www lmblicationslcdr.ps.~z

Trigger
The fastdetectorsthatare able to provide informationto the early h-iggerlevels are the centraltrigger

barrel(CTB) – 240 scintillatingslatscovering 27z in @ andI~ k 1, themulti-wireproportionedchamber

(MWC) -- the endcaps of the TPC 1<i ~ k 2 providing a triggerreadoutof four ~ divisions for each

TPC sector, andthebzu-reland endcap EMCS. The Level Odecision time is 1.5 ~ and Level Oreceives

inputfrom the CTB, MWC, and the EMC trigger towers. The expected triggerratefor spinrunningis -100
Hz. The Level 1 decision time is 100 w andLevel 1 receives inputfrom Level O.Level 2 receives

informationfrom Level 1 and more detailed informationfrom the calorimeters.The expected outputtrigger
ratein spinmnning is 15-20 Hz.

The Level 3 triggeroperatestier the full TPC read out is available. It can handlean eventrateup to 50 Hz.
The principrduse for Level 3 in spin running is to remove pileup in theTPC. This will allow datacaphue
of pp eventsup to 50 Hz. The likely desirable datacaptureratefor spin is 15-20 Hz.

Engineering Run
The STAR detector underwenta 3-month engineeringrun in the beam line May 17– August 17, 1999. The
componentsavailablefor commissioning included theTPC, CTB, DAQ (7570), zero degree calorimeters
(ZDC), andthe slow controls system. Tens of thousandsof cosmic ray eventswith full, half, and no
magneticfil~ were recorded. A few hundredhem-something even~ were ~so recorded. ~1 detector
componentsperformed well in the test.
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Beam-something evenr, lPCpad view. Run 3002 July 27,1999.

Year 1
Theyear1run begins December 1999. in addition to thecomponentsavailablethissummer, STAR will
include a Level Otrigger, online monitorand control system,Level 3 trigger(partial),MWC, full DAQ,
and 4 barrelEMC modules.

Years 2-5
Year 2 will see the additionof the silicon drift vertex detector (SWT), forwardTPCS,Level 1 and2
triggers,additionalLevel 3 capacity. and -30 barrelE.MCmodules.Constructionof the barrelEMC will be
ongoinZ md it should be fully complete by year 5 (2003). Zlie fkst haIfof theendcap EMC is expected in
year 4 with completion in year 5.

The STAR detector is nearlyready for the initialspin physics pro.gam now and WWbe ready to record the
first polarized pp collisions beginningin year 2.
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Progress of PHENIX Spin Program

Naohito Saito

The institute of Physical and Chemical Research (RIKEiV)

Wake, Saitama, 35.1-0198, Japan

and

RIKEIV BA!L Research Center

Brookhaven National Laboratory

Upton, NY 11973

.

Abstract

The PHENIX detectorsystem is going to be completed soon: base-line detector including

electroma=meticcalorimeterwill be rolled in February,2000 to be ready for thephysics run

from April. The Muon Arms are under construction to be in time for the 2ndyear 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 Aq(x), and transversitydistributionAM(x). The sensitivity of PHENIX

measurementsto thesedistributionsis updated.
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Progreaa of PHENIX 5pin Program
l?HIC5ph Collaboration meeting,

October 6-0,1999

I

I

I

I

I

,.<,-.
;,:

Outline:
PHENIX5pin Program
PHENIX5tatus
Meawrementz
Ag(x), Aq(x), As(x)

5ummary

f?lKEN / RIKEN 6NL Ke5earch Center

I

PHENIX 5pin Program

i c 5pin 5tructure of the Nucleon
–Ag(xj : ~[uon polarization via ~,zc”,heavy quark

productions
–AT(.Y) : Anti-quark polarization via Prell-Yan (W,Z, ~)

–A7q(x),A~~(x-) : Quark tranewerGity

s 5ymmetry Te~tG
– parity violating effect5, e.g.

c QCD5election Rule
– 5wi-kh off gluon; a~a~~<< 1

compo5itene55

● 5ingle TraneverGe 5pin AGymmetry AN
– large at lower Energy; higher-twiGt?; k~aGymmetry?

I
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PHEN[X 5pin PVVG
phyeice i55ue5

● Meawrementaof Ag(x,)
– prompt photon production -> EMA
—inclusive no production -> EMcal
– heavy flavor production -> Muon+EMcal
– Quarkonium production ->Muon+EMcal

c Mea5urement5 of Aq(x)
– Drea[l-Yan/W/Z production ->Muon+EMcal

● Mea5urement5 of Aq~x)
– Drell-Yan?
– two pion5?

I

I

●

PHENIX 5pin PVVG

Muon
– offline 5oftware

– 5imulation5
● QuickMC

EMcal
– offline 5oftware

- HE6T
– Trigger

SPinPhysics Working Group
(Ccmfel’lm=HIMzEmQaldMRMIQww

– 5imulation5
,.. T*U&ew-‘E**.*!&$..!7-

● Fa5t MC Mbetig SdmWe: Tuesday 17230- EveryCoreWeek!

Luminosity/Polarimetry
—

—

~ ?@L12pk Sk 7b. 111%f@r7h, 11@y9]

AcfMYes

5pin 5pecifiGonline i55ue5 . M*$e&mi_,[mAd/i. 10nkkMClti.&ua,]
. Eh!(+! tdc.x9-a.’f m Atii IMf&$lf...: t&9ri$i’M’]

bunch-by-bunch luminosity and
: P*m..dyk*r.. /- ;.-.P-r DMO-Y=VWZI**. 0?.. Hu”ym.cfl *]

polarization monitwina MaltingW: phan.k-sp!n-mbn f.gov
8 .
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PHENIX Year-l 5tatua
c After roll-in of Eae$ Arm:

– Global:
c MVD/66/ZDC

– East Arm
● All5ub5y5tem mounted
● >!5ULread out

– West Arm
● EMCal/ RICH/ DC/ PC1
● -2!5% read out

– 5pin 5pecifk Device5
c EMcal-LevellTrigger
● 6unch-&bunch 5caler for luminosity monitor

‘ 5outh Muon Arm willbe ready for year-2, North for
year-3 to be ready for 500 GeV!

I

Prompt Photon ALL and AG
Yuji Gob and Alexander Bazilevdy

● Model $ ‘“4?
~035 /Ldt-374pb”

Calculation with ~ r 10 weeke@ar-2)+1 Owesks @mr-3)

0.3

PYTHIAand &Seffer-Vky
025

135/G595
&Gse5(A) -

(L2

@200 GeV
0.15

● 05 A@2 0.1

● G5A AG=l.71 0.05

● G50 AG=I.63 Q ----------------------~----.------------------------------------

“ G5C AG=l.02 -0,05 ~’ I I I I I .,

10 20 50 M 50 60
PI’ (GeV/c)
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Inclusive no Production
“ Mixture of gg, gq, and qq scattering

– gg dominates at [~W-P*,gq dominates at mid-p~
+5en5itive to qluon polarization

-%-??? S$HAG AG.

H-
. ——.. ‘GG

gg + gg”
-@

x“

Aq AG.—
qG

$’q-+tw

‘1’
,.-’

// \
\,

Aq Aq——
q q

Model Preditiion5 on ALL ~:&-~j~

.?0.14 -“
I I I I I I

A-2c?QGev
0.12 Mt=32pb_’

— GS95AAG=1.71

= 1Weeks with10%Lure. -- GS95BAG=I.63 :
0.1 — GS95CAG=I.02:

0,00

0,06 ~-

0.04

0,02 — — .—- ._. ._ ___

o I I I..- !%---- --- ------- --—
r

-0.02
J

-0.04
I I 1 I I t

0 2 4 6 8 10 12

3fAsyrnmeby
R“(&v/c)

Open Heavy Flavor Prod /ction
5tudy by I-iiroki 5ato with ~-5oftware team

‘ Charm and bottom production

– dominated by

.

– can be identified with high-
ma55 e-~ pair5.,

e,mu mass(unlike sign pair) J

1... ! . . ..! . . ..! . . ..1 . . ..’ . . ..! . ...1
12345678

M
e,mu Mass(GeV)

Nbb-e.u -1 OOke~ents+ 6ALL(stat.)-
N~+ex -60k events

A_LL(M(e,mu]) with GS.95 NL04.B,C

d
% 0.2-
< GS-A

0.05- 0017-

0~GS-C ‘“———

1 2 3 4 5
e,mu mass(GeV

0.006
Me,a
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Tranwer~ity Mezwuremente

1

I

Double Tranweree 5pin AeYmrnetry
Jet Production
– a5yrnmetty i5 5mall : ;[L

● only exchange &annihilation Fo #
channelshavenon-zero :R L,~ :

a5ymmetry
/: \ /:

● gluon doe5 not contribute
exchange channel direct channel

– AT/ALL=Ounless Ag(.x)=O
(QCD Seletiion rule: Jaffe-N5 O.Martin et al. PRD57(90)3004 ~ ,; ,.., 1

PL6302(96)165) PHENIX 200 GeV 320pb-1 ~-Arm CO,,,~ E,,,’” ‘

Drell-Yan Production of ~~1 i \ 05! “ ~~

Lepton Pairg :PHENIX~ ->
– large5t partonic a5ymmetry

@I 7=+ ?*’:’j
– concern5 – ~s’/q-- 45~ D g~ –> W-

● rate5 10 : ! I
E@ >&g

4.75:0s1
qf ) q-q -

1
● other roce55e5 to

E
00[

contri ute tu dimuon 6810121A 16182O -Ii,
NY[GeV) 4s 4.4 ‘0’0;0s

channe15 = open heavy flavor Cose
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4?ez450nably Large partonic

a5ymmetry => Only need

quark spin analyzer

.>& 1
u

0.75

L

cm-m

‘-o ---.-----.----.----;..:-

-0.2s k -v?,z~~ w
,/

9.?.- G@
-05 c 97+Q7

-’~
.OS-OAO 0.4 OS

c05e

s Quark 5pin Analyzer Candidates 1
%wo pion@p-o interference region

0“’0r————

0.10

0.05

0.00L
q=o.o

/-
200GCV. ”//

/

,
/

/’
50.3Gev/’/

0 20 40 60 80 1001

jet

R.L Jaffe, Xuemin Jin, Jian Tang hep-ph/9~O;~%

c Quark 5pin Analyzer Candidates II
●hint from HEKME5 $ asymmetry

*Matthia5 Gro55e-Perdebmp’5 work in progre55

● PHENIXi5 gettingready for 5pin Fhygicg
from year-2 including core wkygtemg for
5pin Phygicg

– year-Z/3: conGtraintG on Ag(x) iGhigh priority

– Gpin-flavorGtructure GtudieGwith W

– tranewerGity GtudieG

● 5till a Iot to do!

32

.

I

— _-——-.



QThe PP2PP Spin Program

A. Penzo

(For the PP2PP Collaboration)

Among the approved experiments at RHIC, I?P2PP (R7) is

aiming to measure pp elastic scattering in a new energy range

(50 <{s <500 GeV), overlapping with the highest ISR energies
and extending well into the ~p colliders’ region.

PP2PP is planning to run in year 2001:

c initially the It I-range [0.006 < It I <1.5 (GeV/c )2] can

be measured with standard beam tune (~’= 10 m and
s = 20 n);

● a ~peciaI beam tune (P* = 195 m and E = 5 m) will give

coverage of the range [0.0004< It I <0.12 (GeV/c )21 in

the CNI region.

Ajet target, integrated with the PP2PP setup, will match
the same kinematical regions with recoil detectors and cover the

energy range (6.5 < {s <22.5 GeV). The combination of forward
and recoil detectors will provide frill selection of elastic events.

In this configuration, PP2PP wil~ be able to measure the
absolute polarization of the RHIC proton beams to 570 accuracy,
thus contributing to the precision of all RHIC spin experiments.

Ways of extending the It I- range to higher values [up to

It I = 5-10 (GeV/c )2] have been studied, and are in principle
feasibIe, both in collider and fixed- target modes.

The PJ?2PJ?main goal is to extensively map the diffractive

regime of the strong interaction over an unprecede-
range of {s and It 1, in order to probe the emerging features of
the l?omeronl in terms of QCD concepts, and to explore its spin
dependence.
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Romanpot location is detemkd by parallelto point focusing.

On-board
Electronics

\
Detectors
(Silicon)

*-

To Readout
andDAQ

RHICIntersection Region withPP2PPBasic CB Setup

n

RP3’
n

RF2’
RPl

I t I I I

-100. m o. 100. m
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Silicon strip detectors areour choice. They will provide:

uniformity of effkiency -0.1 % not to dominate errors
on ~tot and p;

small dead area between the sensitive part of the detector
tid thebeam 0.5mm

many detector layers with high eftlciency;

small cell size to limit occupancy per readout channel;

in the CNI region good detector resolution is needed:

C%<<10+GeV2(bim) -@s O.lnvn

● in thedip region detector resolution set by momentum
reconstruction (6p/p - 19’0)and vertex size (y* -1 mm):

“@= o*2mm

PP2PP Readout and Power Scheme
(For One Roman Pot)

ower

Pots

•1

•1

ionRegion

Y-view Deteetor Board



Them are three regimes in elastic scattering:
1

I

dalog—
dt

LO

/
Coulomb

~ Interfemwe

%>s”’”

I 1
\

Pert.QCD

m -0.001 -0.8 Id @ev/c)2

do 1
1. CoulombRegion —

dt-~
- Normalization(X)] ~

ISmall t
2. Coulomb- NuclearInterference - “p” Value

3. Diffraction

/

Mediumt

4. StructwvRegion - Peaks&Bumps

5. LargeItl>5 GeV2 - Pert.QCD Larget

I. Coulomb Scattering, small t – protonsarepoint-like I

I

●—P M I
q=+e q=+t!

1

IL Diffraction,medium1: - protonhas a size and

1 “some”structure I

@@*s)
●

Iamadng Energy

III. QCD Regime, large t: - quarks,point-like
constituentsof protonsscattaby exchanginggluons~~-

I

I

In oder to explainthe.obwm~ feature ofpp elastic
scattering,in additionto Reggmn exchtige,anexchmge ~
of the Pomeron @g), a-double Pomeron anda Odderon
(gg.g)exchangeis needed to expltinthestmctumofelastic !
crosssection,dddt I

. .



Polarized beams
With transversely polarized protons and measuring of.,. , Analyzing Power of pp Elastic Scattering

0.2s I t I I I L

0 24- .?8 GeV/c
o.20-

■ 1S0-200GeV/c
I I i

.
...4
,.
.3. . ,>.,

● thedifferenceof qot asfimctionof pu~ initial transverse spin: 0.15

0.10
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11

+

0,00 . . . . . . . . . . . . . . . . . .
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-0.10

,

. the analyzing power, AN:

1 NT -NJ
AN=

Pcos@ NT+N4

. and the double-spin corn4ation parameter, Am:
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-0.20
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1
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?
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Spin-off of PP2PPprogram: 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 guideIine E-704 at FNAb

zoo GeV polarized proton beam from AO decay; @#8k4z*o.o’4
- CNIpp+pp, pA+pzOA, pp-+ mX;

● New approach ~- cal~bra~hg polarimeter

Possible in pp

AN (p ~

+ pp with jet target (polarized/unpolarized):

P+PP)=AN(PPT ‘Pp) =PR (PP +PPT)

(T-invariance + pati principle)

Existing data (25 -300 GeV/c) and models suggest 3 It 1- regions:

a - CNI [1o-3s I t I <10-2 (GeV/c)2]: AN = +5%, very large da/dt;

b -small-It I [0.1 <1 t 1< OA (GeV/c)Z]: AN = +3%, Iarge do/dt;

C - medium-It I [0.8 <1 t I<1.2 (GeV/c)2]: AN = -10%, small do/d~

,*O

n ,~-1

m

> ,~-2

$
,()-3

g
,&4

b
m z @

<
II ,.-6

~
10-7

10-8

%:’
A 24-28 GeV/c

O 45 GeV/c

QF~
----- —--- - ---

.001 .01 .1 1

Itl [GeV z ]

38

10

——



DayonePP2PPSetupwithJetTarget and I&d Detectors

More thanone p~a at RHIC, 100 GeV/c and 250 GeV/c protonbeams,

will allow us to takedataat two ds points.

At luminos ity 4X10- cm”2sec-1,200 hrsdataon tape to acquk 1O(M)

evtMM2 Ge</c2 bih will be needed.

.

JetTargetandRecoil Detector

9(P
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status and Plans

Ourgoalistobeready for runningin springof2001.

10

2.

Experiment has scientificapproval.

Since the approvaltime we have -

●

●

optimindtheexperimen~involvingRHICacceleratorgroup
to find placementfordetecto= {wrallel topointfocusing;)

designed of partsthatiue critical:Romanpots,detectors;

designed the veto system,

worked with the Europeangroupstosecti apolarizedand
unpolarizedjettargetforpp2ppandRHICspinprogram.

InordertomeettheourgoalthefollowinginFY 1999throughFY
2001is desired:

1.

2.

3.

FY 1999 finishdesignandprototypingoftheRomanpots,Si
stripdetectomandoftheinelasticdetectorsystem.

FY2000constructionandcommissioningofdetectors,Roman
pots,des@ jet targetinterface,work ontheinterfacewith
BRAHMS.

F!Y2001 installationoftheexperimentatRHIC includingjet
target.

Mom collaboratorsaxewelcome!
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Direct photon experimental results and issues 1,
NIonique Werlen

The direct photon high-p= data areessential to extract the gluon distribution function G(z7 Q2)

whose precise knowledge is mandatory for any gluon polarisation studies.

1 Data versus theory current status

The comparison between full next-t~leading (NLO) calculations and the direct photon

production experimental data is quite puzzling. If both low K UA6/WA70 and high W ISR
data are compatible with the theory, the intermediate K E706 results disagree (slide 1, hep-

ph/981 1382). In regions where perturbative calculations are stable vs scale variations, the dis-
agreement is in the relative normalization. Either the ~ dependence of the theory is inadequate,

but then the correction to the theory would have a complex pattern, rather small for ISR (high

fi)t large for E706 (central W) and back to small for the U-46/WA70 data (low W), or the
experimental results are not compatible. In this context, it is worth noting that, for all exper-

iments, the To cross sections have a W dependence in rough agreement with NLO predictions

(slide 2, hep-ph/9910252) and that UA6 data lead to a precise measurement of Q. (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 kT smearing

effect. Apparently this was motivated by the kT measured in di-photons experiments. This effect
is well reproduced by the theory through the soft gluons resummation (see the photon pair ~
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 xT 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 pT 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 fro!), the resummation of the fragmentation terms is needed
to have a complete theoretical framework.

3 Experimental systematic

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
WA70, UA6 and E706 (low statistics but for energy scale), one can note that:

—

—

—

—

—

4

the absolute energy scale precision is good: all experiments have achieved 0.5 Y0-O.6%
the azimuthal distribution for WA70 has systematic uncertainties between 870 and 16’Yc
for low PT (trigger). Uniformity of calorimeter and good calibration are crucial!
the background to direct photon candidates (mainly from To) is large, about 2/3 at low

PT for E706. This is the main part of systematic for WA70 and U.A6.
Symmetry around y = O is verified but only within the overall systematic uncertainties.
the ambiguities from projective calorimeter read-out (x-y for WA70 and UA6, r-~ for E706)
are raised through a rough third coordinate only in WA70 and UA6.

Outlook
A precise direct photon measurement at RHIC will contribute to clarify the current data

vs theory understanding, in particular, by measuring the @ 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 Q2 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 ~ Drell-Yan pairs.

1) Fullset of t,ransparenci~ available at http://www-iphe.unil.ch/*mWerlen/
41
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Data/Theory N(IRS 98-2 scalespT/3

i-

I

I j’ ~1 frwBFG “1
o“; , 1 I 1 I I , , , ! 1 ! 1 1 I P t ,

0.1 0.2 0.3 0.4 0.5 0.6 ().7 0.8

Arrows: perturbative predictions “STABLES” vs scale

YVA70, ISR: overestimated

UA6 : good agreement

E706: underestimated by 50 to 100%

Possible experimental problems?

Or theory misses the W dependence?

IM.TV., RSC workshop, Oct. 1999, s1.1 42
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# phenornenology (hep-ph/9910252)
Fontannaz,Guillet,Kniehl,kl.1$”.(Aurenche,

-
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\‘k\p+ Be+7r0 +x\\

— ——
PT/2
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PT/3
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]yl <0.’75
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~o–2 \;
\+

x

IO–3 11101111, ill, ,,1, ,.,l ,,, ,1,,,., \
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PT [Gev]

z = ETO /Ef fragmenii.ng parton = 0.8

BKK fragmentation (no constraining data for

ln( 1.-z) resummation not available

partly approximated with PMS scales

z > 0.8)

NLL p~/2 < p = M = JZF < p~/3 close to NLL PMS

with scales PT/3 : Data/theory (ZT > 0.3) = 1.4 (UA6),

z 1.7 (WA70), = 1.7 (E706/530),R 1.2

Data sets compatible.

(E706/800)

Iv4.IV., RSC workshop, Oct. 19’99, s1.2 43
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TWO photons at Tevatr=cm:~T(n/T)

DO preliminary (Wei Chen thesis) @ ~ ~~

PT(~l) >14 GeV PT(79J >13 GeV

isolation cut: 13T <2 GeV in R = O.4 cone

compared to NLO predictions

(partonic

M. W.)

generator DIPHOX, Binoth, Guillet Pilon,

-3 +
10 I I .. 13,

o’ ‘lb 2’0 30 “’40” 50 “ “’”80
I 1

60

dm)7~ev/c

0.8
0.6
0.4

0.2

I

I “
i +

‘t I i+ 4--!
pl
El

! , I,
OF’’”

,,, I ,,, , ,,, , ,,, . . .

0 1’0 20 310 4(3 5(3 60
p,(yy{OGeV/EO

~ resummation needed when p~ of the pair tends to zero

IM.IV., RSC workshop, Oct. 1999, s1.4 45
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Soft gluons resummation in direct
photon

Resummation when XT tends to 1 (large double logs)

Catani, Mangano,Nason JHEP9807,024

Laenen, Oderda, Sterman PLB438,173

phenomenology

Catani et al., JHEP9903,025 (hep-ph/9903436)

J. Owens, FNAL workshop; Kidonakis, hep-ph/9905480

Catani, Mangano, Nason, Oleari, Vogelsang

T!. =!i~n (2.V

E

\

Proton–Nucleon‘. =— ‘. E
‘. + lycml<o.75‘. =

*. =
‘. +

‘., . *=
. . .~. . *EA.—

+: E706 data

_ Dashes: NLO ‘.

Solid: NLO+NNL resummed ‘::::.,
Upper: K=E~\2

Central: P=E~
— CTEQ4M

‘.
Lower: P=2E~

I, , t t , , I
4 6 8 10 12

ET (GeV)

Main corrections at large ZT (decreasing with scale)

does not help data/theory at small ZT for E706

i.e. does not solve the “ Iq problem”

Resummation of fragmentation terms not available

M.W’., RSC workshop, Oct. 1999, s1.5 46
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kT Issues

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

. kT is related to the net transverse momentum of a hard-scattering

jet-pair, or a Drell-Yan pair, or a pair of high pT photons, or the y+
Jet pair for direct photon production.

. In leading order QCD or the Quark-Parton model, all the above

pairs are coplanar with the incident beam axis: k~ = O.

. However, early Drell-Yan and inclusive high ~ particle studies
showed that k~ was measurable and non-zero. Systematic measure-

ments were made at the ISR and Fermilab.

. Some experimentalists and theorists may view the issue of kj”
differently-Experimentalists: multi-soft gluon, Gaussian;

Theorists: Hard-NLO gluons, power-law.

. The definitive work on kT, actually on the pT distribution of

Drell-Yan pairs was “made by G. Altarelli, R. K. Ellis and G. Mar-

tinelli in Phys. Lett. 15 lB, 457(1985),basedon the ISR measure-
ments. ~ should be incorporateed into event generators.

. The effect of kT 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 k~ at W = 200 GeV and shows that ~T = 2~/fi estimates
z to within 3-4% in the range of interest.

RHIC SPIN WORKSHOP, OCTOBER 8, 1999

,.. . ,,; ., ,.. ., ;,:.;. .,.-,, ,‘. “,..{ . . ,. ).x,., .“.
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M.J. Tannenbaum, kTissues, RHICSpin Workshop, October 1999 2

Yuji Goto’s Pythia Results

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

x~=x2=xT = PTl(lm) (1)

The reason for the Jacobian peak at 0“ = 90° in the constituent cm. system
for detection at O = 90° in the p – p cm. system is that in the constituent
cm. system the momentum of the photon is p* = fi/2 and the transverse
momentum of the photon (in both systems) is ~ = p* sin O*, so that for a
direct photon at ~ in PHENIX, the constituent cm. energy ii is

&=2pT@ne* . (2)

Since the cross section drops steeply as a function of ii (think about the mass
dependence in Drell-Yan), while the angular distribution varies only by a
factor of 2-3 as cos 6* varies born 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 Jacobean peak strongly prefers

the minimum 3 for a given ~.

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

48
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M. J. Tannenbaum, kTissues, RHICSpin Workshop, October 1999 3

Yuji’s Pythia Plots

V Yuji’s results show 1) x << xT, 2) there is no Jacobean peak: the
condition X1X2 = 3/s = x: is not satisfied in PYTHIA, unless kT = O,

3) about 1/2 the ~ of the photon seems to be due to motion towards the

observer !!!

Parton

● Uncertaintiesin-Yestimation
– PylTllX promptphoton

– pTvs@m’sx
“ namefmrula

– m=2@@(9
“ evaluationwti smulatmn

.+j.+ .S , , , ,1,,,,1,,, 1, ~ , ,, , ,, ,
.J . l-z L..r.<- .-

LI.S - J -.-:*<

.-”’
0,: : .

kinematics

~ ;,;.2,, ..
-., :.! .-=J==-~:-~ --c

Parton kinematics

● Uncertaintyby k~ - initial radiation

errorestimationinthedatainterpretation
– whatcanwelearnforQCDreacticnitself?

+-ml-?. ~..-4wI ,,.> , -C+

. : :,:,, ::..,~.:. ,,-A

3
..~:.:.>::

e.a:~:;:’.-. ““.;. .~: -y. ..: ..: “.:..
*\.. ,,, . .,.~.,.s ;>:.. ,-. ~. .

L
..:,.:........~:....::.:...“

al:> .:,:,,.-:-. -.. . ...
at= ..-’ .-. ., ..:,....1..<... ...-:.”.

U.. ,.L. J.I .. P
*a,-C./ p-k ,1.>1 -c+:.-,

Figure 2: see http: //www. phenix. bnl. gov/ W/publish/goto/HardWS/ for better quality

,,.
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M.J. TarInenbaum, k~issues, R..HIC Spin Workshop, October 1999 9

I%T is not a parameter, it can be measured

● In leading order QCD or the Quark-Parton model, the net trans-

verse momentum (~)~tir = W x (kT), of a hard-scattering jet-pair,
or a Drell-Yan pair, or a pair of high ~ photons, or
for direct photon production is zero. All the above

coplanar with the incident beam axis.
. However, early Drell-Yan and inclusive high p~

showed that kT was measurable and non-zero.

V The history of kT is worth reviewing as kT was

the ~+ Jet pair

pairs should be

particle studies

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 poUt,and proposed that this was
due to transverse momentum of partons inside a proton.

~ This was elaborated by Feynman, Field and Fox, [Nucl. Phys.
B128, 1, (1997), Phys Rev. D18, 3320 (1978)] who introduced the
kT 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 Q2, but they used

an constant ‘effective’kT to ‘explain’ the available measurements.

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

. The definitive theoretical work on a calculation of kT in QCD,

actually on the ~ distribution of Drell-Yan pairs, was made by G.
Altarelli, R. K. Ellis and G. Martinelli in [Phys. Lett. 151B, 457

(1985)], inspiredbytheISRmeasurements.

.

.
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M.J. Tannenbaum, kTissues, RHICSpin Workshop, October 1999 14

Correct k~ for /3= 200 GeV

Q Altarelli, et al., predicted (in 1985) the value of (p~)p.i~ (which

they called (q~)) 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 (q~) = ~z~aflo@d = 3.5 + 0.2 GeV/c.

b

3

<
>
L!!

;2
v

1

0

I I I

fi=o.z?

I 1 t

so !00 so 200

Figure 6: (@) vs W at fixed V = ZIZ2 = 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
qT is included. At large values of W, (q=) increases linearly with W. At smaller values,
deviations from the linear law are visible, which are due to soft gluon and scaling violation
pre-a.symptotic effects

V Recall from above that

(kT) = (PT)pair/fi z Z-5 GeV/c

m= (k.) x Zffi = 2.82 GeV/c

Finally, from Eq. 20 the Gaussian smearing is:

(28)

(29)

(30)

51-

, ..~- -,,,
,,:’”



. . ..— .. ——...— —.——..—.. .- —. -—

M. J. Tannenbaum, k~ issues, RHIC Spin Workshop, October 1999 15

Conclusions

V There are two important things to note:

o ~-y,ld = 1.41GeV/cismuch less than exhibited by PYTHIA.
o The direct ~ cross section horn our proposal has an exponen-

tial value b N 0.40 between 10 and 20 GeV/e, giving a shift in the
gq- spectrum by

b ~~,~d/z= ().4 GeV/c (31)

. This means that at W = 200 GeV/c, ~~ is an excellent estima-
tor of Bjorken ~ to x 3–4% and therefore PHTHIA’s treatment
d kT is WRONG

. Of course, to get the Physics Correct, we should all

try to rne~ure kT at RHIC.

THIS ISMY ANALYSIS

ITSHOULDSERVEASA CHALLENGEFORSOMEONEELSE
TO DO BETTER!

.
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~ Ideal Pafton Distributions

* A parton distribution

.f(~Bj) = ~~ (P+ - (1 - $Bj)~+) I(XIIJ+(0)IP)12
x

.)p+p~-(&$B,
light-cone momentum distribution

4

2

‘*+(O)

“good” component of quark field
(1 -Z)P

Probability

Selects out special direction, /ZP+ = PO – P3
determined by experiment

Distribution in ~BJ

~2 dependence suppressed (throughout much of this
talk)

coordinate space

R L. J.3ffe RHIC Spin Collaboration Meeting, OcKober 1999 4

El

El

El

13

El

R.L.

Outline

Ideal parton distributions

Quark and gluon spin

Looking for orbital angular momentum I

. What can be learned from structure of QCD

angular momentum tensor?

Looking for orbital angular momentum II

● Parton distributions of orbital angular

momentum

Conclusions and Outlook

Jaffe RHIC SDln Collaboration Meeting, October 1999 2 53
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Angular Momentum in QCD

Brookhaven October 1999

*

*

*

*

*

R. L

R.L. Jaffe

AZ z 0.2 – 0.3

In some sense ~ = ~AE + AC+ LQ + LG

After considerable struggle, we know

o What AC is

o How to measure it

LQ and LG have been poorly understood.

e Definition?

e Gauge invariance? Uniqueness?

o Distribution in ZBJ?

e Measure?

My object – review AZ and AG, then confront
LG and LQ.

Jaffe RHIC Spin Collaboration Meeting, October 1999 1
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* Gluon Spin - once controversial, now benign(!)

● A nearly ideal distribution

* Moments (n> O) of AG ~ local, gauge
invariant operators.

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

*

*

*

R.L. Jaffe

x (PSI F++o)z(o, Z–)F’’((-)]Ps)

where Z(O, g–) = P{exP i J$- @J~AP(y)}

and ~PV= ~ePv~7F AT

(nth) moment of AG (j’ & Z“-lAG) must
be operator of spin-m Requires factor
l/X~jP+.

RHIC Spin Colla bomtlon Meeting, October 1999 8

*

*

*

RL.

Summary of an ideal partonic distribution

1

2

3

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

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

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!

Jaffe RHICSpin Collaboration Meeting, October 1999 6 54

~ Quark and Giuon Spin

* Quark spin — once controversial, now benign

. An ideal distribution

in A+ = O gauge.
Sum rule

J
1

_l akcAq& Q*) = Aqo(Q2)

R (p, wYp7591p, s)

~Aqa(Q2) = AZ(Q2)
a

●

●

Probability distributions

Aq.(z) = q$(~) – 9%)

Complications of higher order PQCD,
Aqa(z, Q2) develops scheme dependence
beyond lowest order. “Adler-Bardeen” =
“anomalous” scheme versus (say) ~.
A matter of history. Beyond the
considerations imports nt at this time for

orbital angular momentum.

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

.f(*Bj) = & J ~-’ip+=-zBj(w@o!J+(~-)lml==c

●

●

●

Gauge invariance? Written in A+ = O gauge, restore

manifest g.i.

{ J’i~A~’’’}*+@-’
@L(o) #+(z-) = O!(o) P exp ~

where {- ..} is a Wilson link.

ZO

I z+=o
Lorentz invariance?

!@) . . -@+(Z-) s 7j(o)’y+ .- .*(2X-)

‘y+z– and all else is boost invariant along Z3 direction.

Local operators?

/

1
&&lj(z) = A.

–1
where An are local operators in (gauge covariant)

I
Taylor expansion of +!(O). -. @+(z-)

R.L. Jaffe RHIC Spin Collaboration Meeting, October 1999 5
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1. What can be learned from QCD angular H. More recent and also successful approach is to
formulate the appropriate symmetry
transformations on the null plane (z-= O).

momentum tensor?

Look for operators whose expectation values
yield components of angular momentum.

Relate to integrals over parton distributions?

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

Analog of Momentum Sum Rule for TfiV

Standard symmetry ana Iysis RLJ & Manohar

Noether analysis =+ M~U~

Another approach +- ~~v~ = zvT@ – xAT@
which is manifestly concerved (since T is symmetric)
and generates Lorentz Transformations

Howeverneither has an interpretable form.

Find appropriate Belinfante %uperpotential” + M~V~

Bashinsky,RLJ
Hagler, Schafer, & collaborators

A. Harindranath & R. Kundu

G. I. parton distributions for quark and gluon
spin and OAM!

Integrated quark and gluon spin distributions
coincide with kf~v~ analysis.

Parton OAM operators are different from
those inferred from M~”~ analysis, and
simpler.

Phenomenological studies have begun.

Experimental measurement is problematic.

I

*

*

*

.*

*

I

I

I
I

I

/
Jr/A = ~3z &fovA

In QCD find four terms
rotation generators,

I
I

1

generates Lorentz tra ns

that contribute to

I IR.L. Jaffe RHIC Spin Collaboration Meeting, October 1999 12 R.L. J?ffe RHIC SPIn Collaboration Meatmg. October 1999 11
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~ Looking for orbital angular momentum – I Define first moment

* Analytic continuation in n equivalent to direct

●

I.

R.L.

First approach was to examine the symmetry
generators (M~’”~) to find gauge invariant
operators with physical correspondence to OAM.

Partial success. RLJ, Manohar, Ji

integration

AG =

Of AG(ZBj)

++%-’(<-)
(PslF’+yo)z(o, z-) F~(<-) ]Ps)

G. I. operators for quark spin and
quark OAM.

Only “total”, no insight into ZBj distributions.

No G. I. operators for gluon spin or
gluon OAM.

Learned of imports nce of off forward parton

{

lforz>O
where c(z) =

–lforz<O

*

*

*

*

So in general gauges, the operator corresponding
to gluon spin is non-local!

●

I

IHowever, in .4+ = O gauges it reduces to local
operator

●

.~i-=o 1
AG” — ~(PSlA1F+2 – A2F+1]PS)

Identical to generator M~12 obtained from
symmetry ana [ysis

Also identical to anomalous (Kogut-Susskind)
current in A+ = O gauge.

Note, not ~ x ~ (naive, gauge variant gluon

Spin)– see Chen & Fang hepph/9802346 and J! &

HoodbhOy hep-ph/9908275

Jaffe RHIC Spin Coliaooratron Meeting. October 1999 9

distributions, DVCS, etc.
●

●

●

I

I
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Magnetic moment is forward matrix element
of operator with explicit factor of 5

J ci%(P,SI& x ;(Z91P, q
p = FZ(0)3 =

(PIP)

But clearly, to extract F2(0) an experiment
must be done with Up~ O

*

F2(0) u %’+ 9/2, SI jp(o) U’ - 9/2: s)aqv q==o

Note: This momentum transfer q is not the
momentum of the virtual photon in DIS. R is the
momentum transfer to the nucleon line in

R. L. Jafle RHIC Spin Collaboration Meeting, October 1999 16

. Internal quark and gluon terms

Quark term is gauge invariant and coincides
with integral of parton distribution.

Gluon term is not gauge invariant, but {+12}
component coincides with integral of parton
distribution in .4+ = O gauge.

. Improvement in gauge invariance Ji

MPVA = ~~~~(zADv – Z“DA)@ quark OAM

*

●

●

●

●

L

+ $< @“J-Yu-Y5+ quark spin

+ 2 Tr {F~&(#’Dv – d’D~)Aa} gluon OAM

+ Tr {F@Av – F~vAx} gluon spin

+ terms that do not contribute to JV~

Quark OAM term is now g.i.

Ji eXplainS hOW to measure quark OAM through DvCS

Initiates study of off-forward pafion distributions

GIuon operators remain non-g.i.

Unsatisfactory

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

● 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 strict Iy
forward

But Z requires derivative with respect to
momentum transfer.

Example: compare charge and magnetic
moment

(p+ 9/2,s1 jp(o) 1P – 9/2, s) =
2PPF1 (0) + 2iElmP7P#@F2(0) + 0(q2)

Charge is a forward matrix element

J d%(qjo(q 1P)
Q = F1(0) =

(PIP)

R.L. Jaffe RHIC Spin Collaboration Meeting, October 1999 1s

j@vA =

+

+

+

+

-1’/Jv~~$7g@.2C

{
2 Tr F~a(x~iY’ – &’&)Aa

}

{
Tr F@A” _ FPVAA

}

terms that do not contribute to J“~

● Convective quark and giuon terms

Generic form (a la fluid dynamics)

; nk(~ X ~)~’

not gauge invariant

explicit factor of Z

R.L. Jaffe RHIC Spin Collaboration Meeting, OCtOber 1999 13
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❑ Looking for orbital angular momentum -11

II. Parton distributions of orbital angular momentum

S. Bashinsky & RLJ
A. Harindranath & R. Kundu

P. Hagler & A. Schafer
O. Martin

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

*

*

Anticipate significance of space direction
Z3 + z– which defines parton model.

Operators (AZ, AG, LQ, LG) identified with
generators of rotations about ~3.

Define the gauge invariant fields
corresponding to quark or gluon partons with

“momentum” q+ = ~Bj~+.

* Study parton field transformations under
rotations about P3.

~ Parton distributions are corresponding
Noether charges.

R L. Jaffe RHIC Spm Collaboration Me-et!ng, October 1999 20

i

●

●

●

R.L.

Equipartition

Analogous to quark and gluon momentum
partition as In Q2 - cc

Strong constraints if valid at accessible Q2

If equipartition applies and AX = 0.2 – 0.3, then
only missing link is AC. But does it apply? No
way to know without additional measurement,
eg. of LQ.

Observation on scheme dependence.

In MS scheme
1
–= LQ+~AZ-l-LG+AG
2

[n anomalous scheme

L = (LQ+$fAG)+$(AX–$~AC)+L~+AG
2

Merely a shuffle between terms.

JarTe RHIC Spin Collaboration Meeting, October 1999 18 CT

I

#

1’
II

. Take stock

?r

R

l’rfr

ftl-r

w’

Uu

JJ4

u

u

AZ – measure through sum rules in
polarized DIS.

LQ – measure (in principle) ~AZ + LQ in
DVCS where LQ is Ji’s covariant operator.

LG + AG – measure (in principle) in DVCS.

Possible equipaftition theorem, limiting size of
Jq and Jg.

No place for AG – no gauge invariant
operator.

No physical interpretation for covariant LG.

No generalization Of LQ or LG to LQ(ZBj). Is
the Bjorken-x distribution of orbital angular
momentum meaningful?

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

No simple connection to partons in .4+ = O
gauge. [As exists for analogous analysis of
T@’] .

R.L. Jafie RHIC Spin Collaboration Meemng. October 1999 19

. Insight from this approach

* Evolution of Ji’s decomposition

JI, Tang, Hoodbhoy

Ratcliffe

● Leading order evolution

● Conservation of total

$J=${AZ +AG+LQ+LG)=O

R.L. Jaffe RHIC Spin Collaborat!orl Meeting, OCtober 1999 17
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1

Gluons, residual gauge invariance, and formalism

● Partonic quanta

T?(a--) : 7J(Z) + U(z, z i-u-) ?@+u-} ,
T3’(rr) : DA(z) + U(z,z -1-u-) D~(x + a-) U(z + a-,z) ,

Infinitesimal form

65* = a- D_@ ,
6zA~ = a-F-A * 6!.A+ = O .

Leaves A+ invariant, so can fix gauge A+ = O. Notation
bold face denotes fields in A+ = O gauge.

6%* = a-&+ ,
&A~ = a-~.A~ .

Decomposition into partonic quanta,

t)(z) = J
dk+
— e-i~+=-tj(k+,d ,
2%

A~(z) =
/

dk+
e-ik+’-~~(k+,~)

-5F

~(k+,~) and ~~(k+, Z) are the parton fields out of
which partonic observatdes can be built and then
transformed into any other ga ug~

‘Qwj(z)7J(z) = e

Ax(z) = eia(’)(A~(z) + ~ 8Je-is(”) ,

The gauge parameter, a(z) is left invariant by T–,

P(a-), 73(a-) : a(z) + o(z) .

therefore the pa~on decomposition of quark and gluon
fields in an arbitrary gauge can be obtained first in
A+ = O gauge and then transforming with CY.

R. L. Jaffe RHIC Spin Collaboration Meeting, October 1999 24

Re-examine: What is a parton?

●

●

R. L.

A field quantum which has a definite ~Bj in
A+ = O gauge.

Eigenstate of translation in z– direction has
definite k+,

@(k+,z) ~ = (z+, z~)

T_(a) @(k+, z) = e-~k~a~(k+, ~)

where T–(a) is translation by a along the Z–
direction.

Generalize out of A+ = O gauge. Parton is
eigenstate of gauge covariant translation.

T-(a)@(z) = U(z, cc+ CZ-)@(Z+ a-)

where T–(a) is “gauge covariant translation
operator”

U(fz, z + a–) =
p (-L3 ‘“o

Jafle RHIC spin Collaboration Meeting, October 1999 22

●

●

●

●

R.L.

EzEcIParton observable must commute with

Generalize to gluons

Look among physically motivated
transformations, including rotations, to find
observable which commute with T_.

Noether charges which commute with T_ (which
carry ~Bj as a parameter) ~ partOn distributions!

So a candidate observable is a gauge invariant
Noether charge that can be diagonalized
simultaneously with ~Bj.

Jaffe RHIC Spin Collaboration Meeting, October 1999 23

*

*

*

*

*

R.L.

Keeps close contact with A+ = O 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 ~Bj.

Anomalous dimensions and Q2 evolution can be
studied relatively easily.

Alas, so far, no one has discovered a way to
observe the ~Bj distributions Of ~Q(*Bj) and

~G(~Bj) defined in this way.

Jaffe RHIC Spin Collaboration Mwtlna. October 1999 21
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Parton densities from light-cone symmetry analysis.

The followingexpressions are the forms of manifestly gauge

invariant quantities., written in A+ = O gauge.

X(Z~j) N Ift [ti:(z~)~s++(z~ + 6-)]

~g(~Bj) W Ift [*:( Z%%D2 – Z%l)lb+(zl+ <-)]

AG(ZBj) N Ift [F+~(zL)s+–~xAx(z1 + <–)]

Lg(~f3j) a ift [F+&) (Z1iD2 – z2iD1)A~(z1+ ~-)]

where Ift means “light-cone Fourier transform”

Ift [@1(z~)42(z~ + 6–)]

= ~ d~-d2zL expi~BJP+~-(Pld~(ZL)@~($L + c-)l~)
—

27rti (~ d2zL)

and DP is derivative gauge covariant with respect to
residual gauge symmetry once A+ = O gauge have
been fixed.

R.L. Jaffe RHIC Spin collaboration MeetIn9, October 1999 28

~1 . The RGT covariant derivative ‘D occurs naturally

in Bashinsky ’s formalism.
II
II Application to angular momentumI

These results agree with canonical light-front

I quantization. [But the insight was worth the
struggle.]I

I

I
4 R. L. Jaffe RHIC Spin Collaboration Meeting. October 1999 27

I
● How can a derivative appear in a partonic ObSfSNable?

A typical observable is a Iightcone fourier transform of a

bilinear product of fields s Ift

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

*

*

*

~L ?

Sorry!

~,?

Sorry !

Sorry!

Ift [+:(z~)a, O+(z’- + f-)]”

Not gauge invariant!

Ift [*j(c~)D, U+(Z4 + e-)]

~~~ depends on a space time point,

tft [v~(z4)D.(z- + 7~-jtiJzL + r)]

Now this must be fourier transformed with
respect to q–. It’s a function of 3-active parton lines.

&

D:? Ift [vj(z~)ll(z’)v+(z~ + t-)]

Aha! ~~(z~) does not depend on a Iightcone
interval and therefore does not introduce another
_cal field.

R.L. JafTe RHIC Sr)in Collaboration Meeting, October 1999 26 59

! -- -n-, -.. ,-7: :, . ,z~.:.. -:y.:- - fy-
,,!. . ,-,
,.. > :.L?? . . . !’

●

●

R.L.

Residual, transverse, gauge invariance

Actqally we spok~too soon in claiming physical significance
for ~(k+,~ and A~(k~,z) because setting A+ = O doesn’t
completely fix the gauge, and observable must be
invariant under the residual gauge transformations.

Residual gauge group are transformations (RGT)
generated by a(z) where phase a IS independent ofs+

Decompose AA into a piece that transforms homogeneously
under RGT, and remainder that sits at ,@ G O,

A~(k+.z) ~ 2d(k~)Ai(z) + ~~(~+,d >

So, now under RGT,

GA(JC+.Z) –K@_ #-4~A(k+,~)e .

The gauge field of the residual gauge group, AA(zJ is the
light cone average of AA in A+ = O gauge

J“b) =+ “-A’(’)
which vanishes when AA - 0 as .x- _ co

Partonic fields

So the building blocks for ot)servables – gauge invariant
Noether charges that COI?WrUtte with Z*, are fi(k+, &),

~A(k+,z), AA(zJ which appears in RGT gauge covariant
derivative

D, = ~, - igA,,

Jaffe RHIC Sm Collaboration Meeting, October 1999 25
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j-d3zM12++””-+ = ~++...+

+Q+...+

+AL;+”””+.

usual quark spin

~~variap.t C@ri$.latives

new operators

A~$+...+ ~
/

2 1 i PJ’+T@+. . . ill++d3mj~+(cc1~2-z -y ) g

+.-
+ ~ d3x$7+iD+. . . iD+(z172 –Z271 )igFfi7P@

‘+..’+ is not related to the parton distribution● 1.[,
o~orbital angular momentum

● A~$+--”+ is not interpretable

R.L. Jaffe RHIC Spin Collaboration Meeting, October 1999 36

“~ Conclusions and Outlook

The Dilemma of Orbital Angular Momentum
Easy to state, hard to resolve:

● What can be interpreted cannot be measured.

. What can be measured cannot be interpreted.

First part should be clear:
The light-cone patton distributions of orbital angular
momentum developed by Bashinksky, Hagler et al.
and Ravindranath et al. are the correct objects to
call orbital angular moemntum.
processes to which they couple.

The second part is less clean

But we know no

Ji et al show how to measure higher spin
generalizations of

x~T~v — xvTP~

where T~V is the quark piece of the energy
momentum tensor.

R. L. JatTe RHIC Spin Collaboration Meeting, October 1999 34 60

I
I

—

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

5 x {Twist-2, spin-n operators}

Specifically

Mff@l~s-.-fi = &T3~l~s-.-@n — Zi’Ta~I~S-.”~n

where

(
Taplps...p. ~ S ~7~~DPl~D~2 . . . ~D%+)

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

●

●

R.L.

Transverse covariant (DL) appear.

Transverse indices appear on 7 matrices – no
interpretation at a II.

Jaffe RHIC Spin Collaboration Meeting, October 1999 35
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PHENIX Gluon Polarization Sensitivities and Issues

Yuji Goto, RIKHN

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 To. 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 Iql <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 azimuthaI direction, which gives us good To * 27 identification capability up
to ~ ~ 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, ALL, of the prompt photon production in the poIarized 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
To * 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
brernsstrahlung. Experimentally, background photons dilute it. If we apply isolation cut, dilution
rate is decreased according to its cut efEciency.

In inclusive photon measurementin 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 Q2 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 To measurement for the background photon estimation. We al= need study
of the fitting procedure to deduce the gluon polarization.

The muon arm covers forward rapidity region 1.2 < IvI < 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/13! and measure its production asymmetry. As for open heavy flavor production,
the most clean channel is electron-muon coincidence channel- At high Mev region, bac~ground
events from r/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

● Yield 320 pb-] 800 pb-]
+ =Zcuwr.v & . WI1-Kk.v
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3s-40 cwf.= 3.3xl@ sows awa

120K events 1, 160K events
● Asymmetry

‘:-
–0.05 ~ Statistics fm320pb-’ 1
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[0/6/99 Yuji Goto, RIKEN RHIC Spin Workshop at BNL
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Prompt Photon Asymmetty

“ PYTHIA leading order prompt photon production
—

—

gluon compton process 80-90V0

annihilation process 10-20%

● Asymmetry
— a~~= -1

dilution by annihilation Asymmetry
-l5’%o dilutiot~

&

o 10 20
~O(GeV/c$O

no isolation cut

$ 0:;

b.is
0.1

0.05
0

–0.05
-0.1

—
—

-------------------------------------------------------------
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P, (GeV\c)

Prompt y Asymmetry

10/6/99 YujiGoto,RIKEN RHIC Spin Workshop at BNL
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“ PYTHIA leading order prompt photon+
—prompt photon leading order 70-85?40

– bremsstrahlung 15-30’%

● Asymmetry dilution by bremsstrahlung

: 0.11
~ 0.8

0.7
0.6
g.?

0:3
0.2
0.1 I00

0.-
0
L

O.11
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0

Prompt Photon Asymmetry

a- prompt 7

- b remsstrahlung

<’
0.25

0.2
0.15

0.1
0.05

0
-0.05

bremsstrahlung

Asymmetry
- 10% dilution

\ I I

\ &Wi’hlung ‘
I

— GS95 NLO A
— GS95 NLO A
—

‘sg’NLOIJ’”~~3

----------------------------------- -------------------------

~
40

p, (GeV/c )
no isolation cut

10/6/99 Yuji Goto, RIKEN RHIC Spin Workshop at BNL

Prompt y Asymmetry

13

Prompt Photon Asymmet]y

● PYTHIA prompt photon+ decay photon
— decay photon - background
— before background reduction

● Asymmetry dilution by decay photons Asymmet~
-30!7. dilution

o 10 20
~O(GeV/cfi

no cut

0.25
<* 0.2

0.15
0.1

o\05
o

I
— prompt y + bremsstrohlung
— decay 7
— sum

-------------------------------------------------------------

no isolotion cut

10/6/99 Yuji Goto, R] KEN RHIC Spin Workshop at BNL 14
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Prompt Photon Asymmetry

● PYTHIA prompt photon+ decay photon
— after background reduction

● mass reconstruction

● isolation cut R=0.4, fraction=5°/0

“ Asymmetry dilution by decay photons
— recovered Asymmetry
— more recovety by requiring strictercondition -20?40 dilution

; 0.4
L 0.8

0.7
0.6
0.5
0.4
0.3
0.2
0.1

0

- prompt y + bre’msstrahlu

o 10 20
~O(GeV\c~O

R=O.4 fraction =O.05

j 0.25
< 0.2

0.15
0.1

0.05
0

–0.05
–0.1

------------------------------------------------------------

~
o

R=O.4-fra.tion=Q05pT( Gev’$

10/6/99 Yuji Goto, RIKEN RHIC Spin Workshop at BNL 18

.

Gh40n

“ x =LGderived from
– gluon compton photon

Polarization Sensitivity

— statistical error for

● sqrt(s)=200GeV

● sqrt(s) =500Ge V

● assuming
– xg=xT=2p/sqi-t(s)

– Cos( @)=o

320pb-1

800pb-1

● Deviation fi-om input x - ZG
lines

– fitting will be done on A~~

8’
x 0.6

0.5

0.4

0.3

0.2

q.1
d = E’ (tis=500GeV) II

9 +s.200GeV gluon c.wnpton

M -/s=500G8V gluon cemptan
N

data considering these ~~

smearing effects 1o–’
x

xAg

10/6/99Yuji Goto, RIKEN RHIC Spin Workshop at BNL 19
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Production

● Yield

32 dsl w. -u_4-5 GeV;c 8.8xl@ 6.9x10-
400M events 5-6 GeV/c 2.3xl~ 1.3x10<

6-7 (%V/C 7.4x10S 2.4x10q

7-8 @V/c 3.5xIos 3.4xI13-3
8-9 GeV/c 1.3x105 5.6x104

9-10 GeV/c 6.8xl& 7.8x10-3

10-11 GeV/c 3.lxlti 1.2x10-Z

11-12 GeV/c 2.lxl~ 1.4x10-’

● Asymmetry Table 1: To yield

~ 0.04

< 0.03

0.02

0.01

0

–0.0 1

–0.02

E — GS95 NLO(C)A

l’-”+ “ ‘H
--- -..

$ StatisUcs for 32pb-’ 4scctors

~l..l!..il.,l..,l..,l:~f+
o 2 4 6 8 10

p, (GeV};)
m“ Asymmetry

10/6/99 Yuji Goto, RIKEN RHIC Spin Workshop at BNL
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J/

● Di-muon measurement

● Signal

Production

Hiroki Sate’s studies
— N,, @~2GeV) - 120k events
— i3A~#j~(stat.)-0.006 ~

Background
u 105

- Nti~/NJ,v- 0.15 zQ
_ ~~LLiK_ 0-007 ~lo4
- &4LLJ/~(syst.)-0.001 >

Excellent asymmetry 103
measurement will be done.

(
012345678

10/6/99 Yuji Goto, RIKEN RtIIC Spin Workshop at BNL 23
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Open Heavy Flavor Production

● ep coincidence Hiroki Sate’s studies

“ Signal
– iVb~Wfl- 10Ok events

- &4LL(stat.)-0.006

“ Background
– N*K+,P- 60k events

- &4~~(syst.)-0.006

● Good signal/b.g. +
good b.g. estimation

! e,mu mass(unlike sign pair)

:320pb-1

A

- A n!K-ep ‘

A like sign pair
A

1 I 1 I I I

12345678
e,mu Mass(GeV)

M e.ff

10/6/99 Yuji Goto, RIKEN RHIC Spin Workshop at BNL 24

Sensitivity of e@oincidence

Hiroki Sate’s studies

.— — —-..-.——-——

-— - ------- —.---—- . —.. - ... .. -.
(

——- — ——. -— .

.

A_LL(M(e,mu)) with GS-95 NLO+B,C I
A 4
-1 0.2 - d

a &J3-A A~~ systematic error ~
0.15

: ly~
1

0.1 -
—

~ 1

ofGS-C
! # t I

1 2 3 4
e,mu m~ss(GeVf

A_U(M(e,mu)) with GSS5 NLO-A,B,C

0.2: systematic error from
\~S-A A~~~ background

0.15 : i=,
I

0.1: 1

0.05 I GS-B

oz GS-C
,

1 2 3 4
e,mu m%s(GeVf

Me,u
Me~

\

10/6/99 Yuji Cioto,RIKEN RHIC Spin Workshop at BNL 25
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STAR GIuonPolarizationMeasurements
L.C. Bland, Indiana Universi&

One of theprimaryobjectives of the RHIC spinprogramis to determinethe integral
contribution(AG) gluons maketo theproton’s spin. Possibly thebest way to achievethisobjective
is to studylargetransversemomentum(pr >10 GeV/c) photonproductionspin asymmetries(Au)
in thecollisions of polarizedprotonsathigh energies. The generalfeaturesthatmakethisprocess
attractivefor determiningAG aresummarizedin Fig. 1a. The ‘sensitivity’ of the STAR detector,
usingthereaction ~ + ~ + y + jet+ X, to differentmodels of thepolarizedgluon distribution
fimction,AG(x), is shown in Fig. lb. The displayedquantitiesarefi.u-therdescribedbelow.

Studyinginclusivey productionatmidrapidity(q = O)will provide some insightintothegluon
helicitydistributio~AG(x), but is not ideal. First thereis only anapproximaterelationship
betweenthemeasuredpzYandthe initialstatepartonickinematics. For fixed pzv the quarkand
gluon momentumfractions(x~f-) fdl along a hyperbolic locus. Withinthepartonshowermodel, as
representedin PYTHM thehyperbolic locus is broadenedby a transversemomentum(kr)that
variesfrom eventto event(Fig. 2a). Hence, whenq~ O,the event-averagedmomentumfictions
are~~=~~= x~ = 2p~,T/-ds, andthe averagephoton scatteringanglein thepartonicCM is x/2.
This does not provide theoptimal ‘analyzer’ of thegluon polarization. Detectingforwardphotons
(1< qy< 2) improvestheperformanceof the gluon ‘spin analyzer’by emphasizingasymmetricqg
scattering(x~> Xg),andby probing smallervaluesof Xg,therebyimprovingthe determinationof the
integralAG.

Detectionof theaway-sidejet in coincidence witha forwardy eliminatesmost of the
ambiguitiesaboutthe initial-statekinematics(Fig. 2b). The event-by-eventdeterminationof the
partonickinematicsembles a directextraction[1] of AG(x) from themeasuredAU by employing
the leadingorderpQCD relationship,AU = AG(x~)/ G(x~) -A~(x~). &(zY”). The efficacy of this
method is shown in Fig. 1b for simulated ‘direct photon’ events, including both qg Compton
scatteringand q~ annihilation.The latterprocess reducesthemagnitudeof & for a givenAG(x).

Naturally,otherbackgrounds,includingtheproductionof n“(qo) mesons which subsequently
decay intophotonpairs(thataredifficult to distinguishfrom singlephotonsatvery high energies),
andso-called %agmentationphotons’, mustbe considered. Detailedcomparison [2] between
publisheddataandtheyields simulatedfor theseprocesses by PYTHIA provide some confidence
thattheseverityof thesebackgroundsatRHIC canbe established. The backgroundmagnitudes,
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 AU for a given AG(x) (Fig. 4).

Finally,to establishthe contributiongluons maketo theproton’s spin,the firstmomentof AG(x)
mustbe determined,requiringan extrapolationof AG(x) to Xgvaluesnot probed in theexperimen~
themost seriouslimitationbeing the cutoff at smallx& By studyingphotonproductionSP~
asymmetriesattwo collision energies(4s = 200 and500 GeV) therangeof xgprobed atRHICis
su.fllcientto minimizeextrapolationerrors,as shown in Fig. 5.

[1] L.C. Blan& hep-ex/9907058 (1999).

[2] L.C. Bland, in RUCENWorkshop on Event Generators for RHIC Spin Physics, (March, 1999).
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Advantages of ~ +~ +Y +jet +X for determining AG

GluonComptonscatteringdominatesdirectphotonproduction

; q~ij~~-1-gmakesonly
-10% contributionto
directphotonyield in
pp collisions

Largeasymmetryfor gluonComptonscatteringwhenphotonis
detectedin direction of incident quark.

+1.0

3< tn +05

m

qg+qy

o
/

P

9

m -o d2 %

1- -1
0.60

t
Q’= 50GcV2

A

3) Large quark polarization for Xq>0.2

‘-;U ,..3 104
.%tifi’o” ’00

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

Fig. 4a

*
A)?sp!h

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

@’+~-+y+jet + X with 3 models of AG(x) fPIW 53, 6100)
r I I I

$*1- IOKI.EEI

/J,&..+.,_.,j

.~.......J.!.i.#.....!.
I 1, II I

40’10.01
I

0.1 ““’ 0.01 0.1 0.01 0:1’

1:
\, Iilllll I \ !I””’L

ReconstmctedX8,W),

~ ~s =200 GeV ,320 pb-l g ds = 500 GeV ,800 pb-] _ Input
>0.2 J. >0.1 A~x, ~z)‘quark xquurk

Endcap
Ekf cal +“

●

photon +jet
coincidences *;

much greater senstiivity tQsmall-x gluons
and large-x quarks than for midrapidity y

single dominant partonic process (qg + yq)

initial-state partonic kinematics reconstwctz”on

selection of events with large ‘ejfective
dyziwg power’ + xql,~,k>0.2

possibWy ofdhwctly reconstructing
AG(x)@om measured A~~

Determine the integral contribution ghlons
make to proton spin to occrirmy &0.5 ‘1

,,‘

,.:

I

i.

I
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;+j’+y+x
ds= 200 GeV, 320pb-’

‘“7 E---- ~“-’”l
0.6

0.5

0.4

0.3

0.2

0.1LI
!k”” Inj <0.5

:. 0.12< xT< 0.125 .
. .
:.
. .

,., .
. . . ...
,. J+ “, . :

0,5

0,4

0.3

0,2

0. I

o

Simulated x~,,ton

~-1-—q.——r——t

.. .

.“.

~ 1
l<qy<2 -

““!;9.12cXT<0.125 -... . .-J...;,.,. “.-..,..-~”r+, -“J*”.,<: .,~,,. ”;.,

L-L&r.:

102

Inclusive direct photons *

10

1

● averagingoverinitial state
partonickinematics

● at midrapidity,

F 2PT
quor~= ‘glum = ‘T = &

Forwarddirect photons+

● emphasisonasymmetricqg
collisions.x > ‘glumquurk

o 0.2 0.4 0,6

Need to detect the coincident “away-side” jet to determh7e
the initial-state kinematics.

Partonic Kinematics Reconstruction

‘ 4sX2= * (e-~7 + e-~jct)
2

= X~,Uon= min [Xl , X2]

x = max [Xl ,X2
quark 1

pp + y+ jet + X ds = 200 GeV 320 pb-’
x 101

(-)1’ 1 L-.LJJ_..Li
0.2 0.4 0.6 -0.4

reconstructed .vqUOrL

0 0,1 0,2
reconstructed Xglu(,n

J
““-r-

9
8
7
6

,. 5
. 4
:3
:2

., 1
,,. .,. -

0.4

sim X81”0,,- rec~)l Xgiuon

8

6

4

2



@ + 110Background Suppression for ~+ ~+ y + jet + X

(PYTHIA 5.7 simulations)

[,

12 ““——-—-----”-”” -i-

,{

++

8

C4 10 GeV/c c pr < 20GeV/c
$
Q

3 L l-++ --’!
+-!-+ +

2
+-w-

1-
+-+++

1 T +-jet in EMC; mox{xl, XJ >0.2
+ WA2 isolation conal%hn

I 1 I 1 I

-0.5 0 0.5 1 1.5 2
~1.2~,,,,{rlrJl,,,,i,,, 1111 I 1

0.4:
+ cut on quality of SMD

fit to single ‘y
o--’’ ”’”~ “’”-

-1 -0.5 0 0.5 1 1.5 2

Pseudorapidi~ q

Remaining background to be subtracted by measuring
ALL 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?

From calculations (Gordon & Vqylsang), we should

expect important contrhnrions to the photon yield

fmn higher-ottler processes.

PYTHIAincludes only LO pQCD processes. Higher-order eflects are modeled

via aparton showers’. The above process is contained within PYTHIA via

so-called ‘fmgmentation photons’. Comparison between p + p + y+- 2jet
data and the PYTHIA ‘jmgmentation ‘photon yield has been made by

the CDF group at ~s = 1.8 TeV (PRD 57, 67). Good ogreetnent i,vfi]und.

p+p+y+jet+X 4s=2U0 GeV 75pb-1 (PYTH/A5.7)
(includes UA2isolation condition)

~~1 , r l-r T I-rp77-q--r--TjTj ~T7.--.. ,.,-,-., . ~T’!-. -r y, , -r-y

“7102 .
jmgnwuation y

17,244 events

10 15 20 2s 30

4000

3500 :

3(X)() -

1

‘j

2500 “

2000 \-

1500 ~-
!

l(NX) -

500

0
-2 -1.5 -1 -0.5 n

pT gammo (spin sum) log(x@on) (sph .wm)
I

* a larger radius isolation cone is essential to reduce

the yield from ‘Fragmentationphotons’

Fi.g.3
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TI v

wk#isckei4@kwcii”#
@gmentatioup&ot@Ws’ on
poikrkdion obsernzbks?

Culs appliedtosimulation:

10< PT,T<20 GeVlc UA2isolation condition

.o.3 c ~jd <1.3 (for leading jet) ma~ xl,% ] >0.2

-1< qy<2 (barrel+ endcap EMC)

j?$+y+jet+X ds=200GeV
“Direct’ photon

320 pfi
0,6

L

Statwiczd
0,4 ; a-lT4-S Oniy

t
/

0.2 - __++

+’
~ ;.- . . . . . . . . . . . . . . . . . .

,

-0.2 ~

() 0.1 0.2 0.3

‘Fragmentation’ photon

75 pb-J
. . . . -..r,–y ,-?.,.-,

1

0.2 -

+7

t

o ~ +++++ ‘ j

-0.2 ;

-1-

4

-0,4
!

.,4, ,!, . 3,.!.’ L,,-

() 0, I (),2 0,3

Reconstnfctcd xx,UOn

* expect a small dilution of A~Lfrom fragmentation photons

~ \

0,4 - j

4

+j

{
~ 0.2 -

*
- .&=++

o .
a

-0.2
l—u.!. 1. . . . . ., -1., —-...! 1

0 0. I 0.2 0.3
Reconstructed xg,aOW

+
‘Direct’ only

-f Direct ~ ‘Fragmentation’
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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 (~ 10s

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 (N 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 (N 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 ~~~~~~~

EMC

TPC

EMC

o

Example of 2 piled up events Janmen*luff
RHIC*. wotip
BtZ. CedxC$8.199

p+p event The same p+p event
@T>lCIGeV) @ 200 GeV

.\
~.-. ...

‘\ \
=/~,/<,,.<<”’ <

... ~, ‘!
/

,/’ /‘.> ‘. ‘\
I

.- .-. .‘:> \., ~ /’ / -------~,;.,,,!
‘.x ,/.:-+’:’ “‘ ‘“’”““- ‘

‘- - ._~

/1+

~:-?5- ;,.;.,,. **L- ............ ,.., /’/’ ;$\;.\ D ‘., :.. ,.“ .,y/ /..’ .. ,, ,/ :,x,Y-.
,’ \.,---—------– –~., .;,,‘. &c’.: &

‘/=” —-..— .-—
.,’/ ..”
. ,,. .

, ,
Colorcoding:

● green~ <500 A4eV!c
● blue ~ ~ [0.5, 1] GeVlc
● red ~ >1 GeV~c
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Vertex Finder - Method Jan Balewski, IIJCF
RHIC spin workshop
BNL, October 6-8, 1999

D+IO (Zi),200 GcV, 0.44 itltw/bunchGoal: Identi&vertex(Z*)forthetriggerevent
Method:

“reconstruct all tracks in TPC

opresclcct traclw from trigger cvmt:
●

●

●

●

# TPC clusters >20 (of 45)

RXYDCA<1.3 cm (primary track)

IZDCAI <15 cm (diamond size)
track matched with EMC tower

dlidmaximum of the likeiihoocl(Z+)~

(ZiDCA _ @

III L(Z*) = ~ , truncatedn

/ \
..

● with pileu ~ hits
1

/
* without - /-

●/
,,’.

4
● e

-’h! -

./’
//

%’”
/’

● /.,.

-“1 o l?l-’

1:-,,,,,,,,, ;J&,,;]+?’;~Accidental track True vertex

o
-15 –lo -5 0 5 10 15

ZDCA (cm)

[,1! ,1,,,,1,,,,,,,,,,,,,,, ,,, ,1
-15 -lo -5

0 Z:* (Cfil) ‘0 ‘5

p-l-p (ZJ 500 GeV, 1.21 inter/buncl~ I
I

26 ~

&@’~‘ntc
C52

:$fi. o_ 15’ 1 , 1 I t I t t t I , I t ,
-lo -5 0 5

Zi:A (cm~
... . .,

–20

,,,,,,,,

–30

–35

-15 -lo -5
‘Z* (cl;)

10 15
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Vertex Finder - Performance JanBalewski,IUCF
RHIC spin workshop
BNL, October 6-8, 1999

f=

1For 88% of events IAZ 1<1cm
(out of 400 cm TPC length)

J Tested with p+p @200 GeV, qq ~ [1.0, 1.3]

Pileup Filter accepts tracks:
● I z.DCA

1
‘Z* I <d~i

or
● matchedtotheEMC towers

Trigger
event ‘

with
hits

10

# .

pileup

Do the tracks associatedAll reconstructed 27+ 13*) 2,070 + 170— —
tracks

>~

Pileup with this vertex

Filte include the physics ?
Tagged tracks 13+6 43+ 12— —

* +RMs)

I

. .



High p~ tracks preserved Jmm%,tiIUCF
RHlc *,” .Wtshap
Bw.. Ocrcbcr6.X. 15%

~ ,.4

Q
m -d

All reconstructed~

:. .=.; ‘e. ..,---“:. .C. ... T

10

0 0.5 i 1.5 2 2.5 3 3.5 4 4.5 5

Reconstmcted p~ (GeVlc)

Testedwith@p @200 GeV, q~6 [1.0, 1.3]

Test of Pileup Filter with full background ~~a&fiw&]-m-ti.UJCF

All reconstructed Recons. ond Pileup Filter Events ‘-lost”

m W
%..’

d ~,,,,1~ L

~ fmc=O.836 - “-z ~

Aq 4

0 0.2

@ ;r”~~&l :

.s,
o

. .-
0

-1 -0.5 0 0.5 1 -1 -0.5 0 0.5 1

ApT/pT (IW?IIA - ,W KC) ApT/pT (PYIHL4-kc ree)

p+p (@200 GeV, ~> 10GeV/c, rIqe[l.O, 1.3]
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A Next-to-Leading Order
pQCD Analysis of gl(x, Q2)

RHIC Spin Workshop 1999 @BNL
October 6, 1999

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

This analysis:

● Is NOT most up-to-date!

SMC, B. Adeva et a/., PR D 112002, December 1998

Does not have data from later publications by E155 (p,d) and

HERMES (p) but is still relevant!

● IS the last published result on polarized gluon distribution by

an experimental collaboration with complete uncertainty

mate.

● suggests the directions for future measurements

tribution

esti-

of gluon dis-

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

9,(X)
1

0.75

0.5

0.25

0

Deuteron
h
I

L ,7! , , , ,,, ,1 I I ! , !,

10-2 10-’
i

■ SMC
❑ EMC
A E143
A El 42
● E154
o HERMES

— PROGRAM 1
---- PROGRAM 2

0.4

0.2

0

0.2

0.1

0

-0.1

0

-0.2

-0.4

Proton

h. . . . . . . . . . . . . . . .- .-,___ .- A...._

#t! I 1 r , J

1~4‘f‘p
------.=...___-----.,.-.,

t , I , t

10-2 10“
x’

133 Data points (CERN,SLAC,DESY Experiments)

10 Free parameters

X2 = 116-1 calculated using only statistical errors on the data
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Evaluation of Systematic Errors:

● Experirnenial .sutirces:

– Systematic uncertainty on measured A~’d>n(z,Q2) data points

For each data set: systematic uncertainties added in quadra-

ture + Repeat QCD fits with Al * d,Y,@l

– F2 and 1? 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

● 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~(AZ~), 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:

* U8 = 0.575+ 0.016

* Quark mass thresholds

* .. .

– Maximum deviations from best fit added in quadrature to

get total theoretical systematic uncertainty
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Sources of Uncertainty

Nucleon r~t Total Total

Exp. Sys. ‘Theory

Proton 0.122 +0.007 +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 d, 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 +0.005 +0.001

-0.020 -0.003 -0.001 -0.001

Experimental Sys. Sources Separated
Nucleon SMC E154 E143 Other Exp.

Proton +0.005 +0.005 +0.000 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 +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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Uncertaintiesand measured/unmeasured x
regions

Measured x region
Nucleon J;:;OSg:ata(x, Q:)dx J$!:;039?(X, Q:Yx
Proton 0.130+0.003+0.005+0.004 0.132

Deuteron 0.036 + 0.004+ 0.003+ 0.002 0.040
Neutron –0.054+0.007+0.005*0.004 –0.048

.

Unmeasured low and high x regions .

sg~(x, Q;)dx 0.0<x <0.003 0.8<X <1.0

Proton –o.o12:j::;; o.oo3:g:jj;
Deuteron –o.015:g:g;!j 0.000:j:jgq
Neutron –o.020tg:g;g 0.000tj:g::

Uncertainty from the low x unmeasured region largest!
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QC~ Fit Results: Polarized Parton
~istrikmtions
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x

● The singlet and nonsinglet quark distribution functions known

reasonably well.

● The polarized gluon distribution function is largely unknown!
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Results: qg J:Ag(x)dx

First moment of the polarized gluon distribution at Q2 = 1 GeV2

ngiskYJY unknown ‘

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

Largest sources of uncertainty:

Theoretical and related to unknown low-x behavior of gl

– Functional form of initial parton distribution function

– Unknown factorization and renormalization scale

– Uncertainty in value of ~.(11~)

Needs measurements over larger kinematic range

= Possible future experiments with Polarized E’”j’ scattering

with HERA or/and with RHIC-E’” ~ Collider

(Talks by S. Peggs & A. Deshpande, October 8th)

. Measure q~ 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 R.ESUI.TS FR.OMHER.MES

c,LuON POLAlliZAT1ON

RALF KAISER - DESY/ZEUTHEN
OX BEHALFOF THE HERMES COLLADORATIOS

RHIC SPINWORKSHOP, BNL, OCTOBER 1999

.-.. .

● ~HE HERME.S EXrERih~E.NT

o Sm .LMYrwrrRY IN mm J2110TopR0DucT10N

OF F’AIFLSOF Ehcm-pr HADRONS

● EXTRACTION OF AG/G

Measurement of the Spin Asymmetry in the Photoproduction

of Pairs of High-pT Hadrons at HERMES,

HEP-Ex/9907020, SUBMITTED TO PHYS. REV. LETT.

PC)LAR.lZRD~LECTRONS IN~ER.A

t.—

HERAB ‘~m=

-- m -“”

SOKOI,CJV-rl’ERNOV-13FFECT:

P(t) =
%-’-+)

POLARIZATION MEASURED BY TWO CO MPTON

POLARIMETERS. ‘<~’>= (.~~A.&SjTc

,..=-.

~NTJHtNAL ~’0LAiUZW3 ~TM .-~.4RGlYT

2?.’-LL%S.......-- --;-:.:~%v:7----------.... ... ... ..... . . . . . .
‘3!> , 2+;. c .::!T ~ti

bldca

H,D TARGET: ATOilIC BEAhI SOURCE BASED

ON STERX-GERLACH SEP.+RATIOX

HIGH TARGET DENSITY: 7.6.1013 atonls/cm2

POLARIZATION ME.AsLIRED WITH A BREIT-

RABI-POLARIMETER. <:P >= (X3+ 4.,:,,)%

p
“W@

0

.<,:,r. .-[.-[-.. . . . . . . . . . . . . j“Bgdz = 1.3 Tm

.:.. :,>,,:~:~:(; :,.;~,j.~..;: u(E)) = 0.6 mracl
f.7(p)/p = 0.7...1.470
FOR LEPTOSS

F (1).s‘J’s”r’E:.l: CALORIhIETER,

PRESHOWER,

TRD. CEREXKO\”

IN1998 THE THRESHOLD CERENI;O\r DETECTOR

H.ASBEEN REPLACED BY ..\~ l(.-HDEIEC”I’01{.
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$2$% ELECTRON IDENTIFICATION EFFICIENCY
wlTH <: 1’Z.HADRON CONTAMINATION (FOR

D1s EVENTS).

?~HY MEASURE SF’iN _ASY-MMET}lIES

OF FAIRS C)F HIGH-~T H.ADR.ONS’?

THE PHYSICS GOAL IS THE ME& UREMENT OF

THE GLUON POLARIZATION ~~.

* SUBPROCESS WITH GLUONS REQUIRED

:=?PHOTON-GLUON FusIoN ?9 “--{’@ 1s ‘N

EVIDENT CANDIDATE

=~ TAGGING OF PHOTON- GLUOX FUS1ON THROUGH

PAIRS OF HIGH-~T HADRONS AT LOIV

ENERGIES (TOO LOW FOR JETS)

~BRAVAR, HARRACH, KOTZINIAN.

PHYS.LETT.B421:349-35 $J,199S]

.

IN NLO QCD TqE POLARIZEDSTRUCTURE
FUNCTIONgl{& ~-j OF THE NUCLEON IS

RELATED TO THE POLAWZED QUARK, ANTIQUARK,
AND GLUON DISTRIBUTIONS Ag(z, Q2), Adz, Q*),
AND AG(z, Q21:

A~2

u

Q2=lGe$

1.5 I

.Ay

o

-0.5

-lo1234~

Ref.Nr

I ALTARELL1

ET AL., 199f3

2 LEADER

ET AL., 1998

3 E154, 1997

4 SMC, 199S

[Presented by R. Windmolders at DIS-99.1

OPEN CIRCLES: MS SCHEME,

FULL SQUARES: .4B SCHEb[E-

ERRORS ARE STATISTICAL AXD SYSTEMATIC ERRORS IN

QUADRATURE; THEORETIC.\L UNCERTAINTY IS NOT ,

INCLUDED IN THE ERROM OF (~).

h4EASURE THE CROSS sEcTION ASYMMETRy

yt::”t.1-)} xGMBER OF OPPOSITELY CHARGED

HADRON PAIRS FOR DIFFERENT

TARGET-BEAM SPIN ORIENTATIONS
~,?p:~~: LUMINOSITIES

] ; I-(1’!)
-~-p LUMINOSITIES WEIGHTED BY PT - PB

REQUIRE:

SPECTROMETER

● FOR BOTH HADROXS

p > q..><+l:T,-..\ND~j-
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+
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# (G.W.)

SYSTEMATIC ERROR % 8T0 OF MEASUREMENT

CHECKS TtiAT HAVE BEEN PERFORMED ON THE DATA:

● e+/h+ MISIDENTIFICATION

● PARTICLE IDENTIFICATION CUT VA RIATIOS

● htOMEh’TUM CUT VARIATION

● consistent RESULT OBTAINED USING IDENTIFIED

PIONS Oii LY

I-0.8.

.,.+ 1. . 1 1.25 1.5 1.75 2
p~ (GeV/c)

p? > /$

]S THE REGION ).”~.” :> l..~ {~t-~”. f.; ;> !.~ {~t-i”

(P;~ > $) ~ x~.: :: : .“5 AS Y&thl ETRY

.-. = –u.2.3 * G.12f>fa!.] & (J 02(37/ .5/.)

1> olj>l:ll\, I:ll. [Y (“0s’[ 1{.-\s’r “ro THE V:., -: : ;. ;.

ASY\I\IIYI{II.;> \IF..\SURErI IS SEIII-l SC. Llhl\~E DIS.
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I
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“ ~~ 451.5 GeVlc
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0: E._...__. -__.. ....... ....................... .... . ...-- ....j

ql++}lt;
0.5 0.75 1 1.25 1.5 *1.75 2

pT (GeVlc)

THE TWO MEAsuREkfENTs ARE STATISTICALLY

CONSISTENT, BUT THE DATA SUGGEST A

LARGER ASYMMETRY WHEN THE TRANSVERSE

MOMENTUM OF THE NEGATIVE HADRON IS

HIGHER.

. LOWEST ORDER }}~~~

+ SUPPRESSED BY HIGH-~ REQL’IREMENT

● INTERACTION VIA THE HADRONIC STRUCTURE

OF THE PHOTON DESCRIBED BY THE !“~.~~-~

~ ASSU.MED TO HAVE NEGLIGIBLE SPIN

.w3\.\lMETRY

● NoX-RESONAXT HADRONIC (9Q)
....,,$.:.:.. .. . ....f.~{”..+:f:l;::X:>”J’i;J.~.fin\.i’

~ LIAY BE NEGLECTED ACCORDING TO

SCHULER/SJOSTRAND

● T\VO FIRST ORDER QCD PROCESSES

(DIREcT) YVHICH DESCRIBE THE IXTERAcTIOS

OF .-lPO IXTLIKE PHOTON. THESE ARE

PHOTON GLLION FUSION (;’~:ii:) AND THE

QCD COMPTON EFFECT (’;j{;i)f.).
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! MC-~.kT.A COMPARISON

j };Y’?KI:$. ~.~1.l WITH ~~ = ().5 GeV. JE’TSET
FRAGMENTATION TUNED TO HERMES sIDIS DATA.

.........-..=.: n103 ●
#>1.5GeWc

●
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1
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,
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~ (G.V/C)

● P7-Dependence sIMILAR BUT SIGNIFICANTLY SMALLER

IN MAGNITuDE (AGREEMENT IS BETTER FOR

DEFAULT JETSET FRAGMENTATION PARAMETERS)

.

~XTRACTION OF ~G/G

● 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
PROCESSES IS RESTRICTED TO LO).

b GOOD AGREEMENT FOR TEE DISTRIBUTIONS lN

OTHER KINEMATIC VARIABLES, E.G. AZIMUTHAL

ANGLE BETyEEN THE TWO HADRONS AND ApT=
b$-l - h+’1.

fPGF, fCICDC: uNpoLA~zED suBpRocEs$ FRAcT1oN$

Dz VIRTUAL PHOTON DEPOLARIZATION FACTOR

HARD SUBPROCESS ASYMMETRIES DIRECTLY CALCULABLE

IN LO QCD: &PGF ❑= --1,<:~~~~x 0.5

AFTER APPROPRIATE AVERAGING OVER THE SELECTED

KINEMATIC*

(6QcDc*~) = 0.15,(D)=0.93

is 1
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ExTR.4CTED AG/G

1
$
a 0.8

0.6

0.4

0.2

0

-0.2

--- GSA(LO)

--- GSB(LO)

— GSC(LO)

— GRSV(LO) std. and val.

---

. . . . . . ‘.. “.

. . .. .. . .. .. .. . .. .. . .. . . . ... .. . . . .. . .. . .. .. ... ... .. .. . .
\
.,

‘N

1“d’”

L 1

10 ‘2 10 “
‘G

LO QCD FITS F,\.\I.I .\TH1 \T Q2 = 2 GcV2

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

●

●

WITH 0.06< ZG < 0.28,(ZG) = 0.17

::>+.:+(,.,.;>,.::.(~~::~.:.:~;,):yt.[:]/~A[P;.:.y ARISES

FROM POSSIBLE DEFICIENCIES IN THE USED ~~

MODEL.

SIGNIFICANT CONTRIBUTION FROM A NEGLECTED

PROCESS WITH A LARGE NEGATIVE SPIN ASYhtbfETRY

NECESSARY TO ALTER THE PRINCIPAL CONCLUSION

THAT (AC/G) AT {XC) = 0.17 1Sl’~,:.;”:’:.”;...

89

... -.

0 NEGATIVE AsYkiMETRy IN PHOTOpRODuc-

TION OF PAIRS OF HIGH-pT HADRONS

.4:I“=--(!.28+ 0.12 (stat. ) 20.02 [Syst. )

FOR p$ >1.5 GEV/C,p$ >1.0

$ FIRST ATTEMPT FOR A DIRSCT MEASURE-

MENT OF ~~(z).

? interpretatiOn IN FRAMEwoRK oF LO

QCD MODEL: {AG/G)ISP:XHTI\-E
(AG/G) = 0.41 + 0.18 (stat.)+ 0.03 (syst.)

AT (q) = 0.17 AND SCALE (&-) = 2.1

GEV2.

; FUTURE: MAY 2000. STATISTICS ON

POLARIZED DEUTERIU M - TWICE THE

PRESENT ST.4TISTICSON HYDROGEN.

--?CHECK DIFFERENCE BETWEEN LEADING

h+ AND LEADING h-

- IMPROVE STATISTICAL SIGNIFICANCE OF

THE RESULT

-...’TRY TO IMPROVE THEORETICAL UNDER-

STANDING
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COMPASS
Experiment

•!!!!!!at A

ALESSANDRO BRAVAR
Universitiit Mainz
RICH Spin Workshop
BNL, 6-8 October 1999

Common M uon and Proton Apparatus

sfor tructure and spectroscopy

Belgium, Finland, Germany, India, ~Ra~C~
Israel, Italy, Japan, Poland, Russia,

Switzerland, USA

Bielefeld,Bochum, Bonn, Calcutta, CERIl, 13~~,
Dubna, Erlangen, Freiburg, Heiclelberg,

Helsinki,Mainz, Miyazaki, Mons, Moscow,
Jllmich, Nagoya, Protvino, Saclay, Tel Aviv,

Torino, Ti-ieste,Warsaw

● 28 Institutes
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Physiscs with Polarized

Muons & Targets

● AGIG GLUOhT POLARIZATION

open charm

hidden charm

high PT hadrons

● Atlr, Ad,,, Aq, As FLAVOR DECOMPOSITION j’1(z)
semi- inclusive7r*,K*, K“”

● AD;) POLARIZED FRAGMENTATION FUNCTIONS
A, ~ polarization(ZF > O)

● hl (x) TRANSVERSITY
semi - inclusive# with -1 pol. target (azimuthaldep.)

mw
. $11(z), 92(x) pOLAR1~ED STRUCTURE l?UNCT1Oh’S

inclusive (high statistics)

● TARGET FRAGMENTATION REGION
A polarization(Z7 <O)
fracturefunctions

● EXCI,USIVE PROCESSES
elasticvector mesons(p”, ~, J/U)

Physiscs with Hadron Beams I

HADRON STRUCTURE

● Polarizabilitiesin Primakoffreactions (n, K, p)

LIGHTQUARK SPECTROSCOPY AND GLUONIC STATES

● Search for glwdxdls in Pomeron - Pomeron scattering

● Search for hylwids / rxotic states

CHARMED HADRONS

● production phenomena (n, K, p beams)

● semileptonicdecays

. leptonic decays

. precisionmeasurementsof c - baryon lifetimes

● production anclspectroscopy of cc - baryons (ECC)L?CC)

deep virtualcompton scattering

● ✎ ✎ ✎

A . . . . . . nrf=tr . ..... l,h.r . 0 n... ., ,. I... ,“, ,..
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COhfPASS
~;N+cEA?’ ~ ~/LN+cc for

LL
200 GeV p’s @ LO

IRate Estimates for 100 GeV Beam ~
Pfmfww:

I

I

<

I

i

Signal:

D s depolarization factor

0“3 ~

4.3 x 1037cm-2day-l x 1.9nb x 1.2 x 4910x 23!Z0

900 Ev(wts/clw”: D*+ + D07r~,,t = 3(-)(-IE\”(?llt’s/(la)” I
~ 0.2

‘; 0.1

h

- “--------- -------
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IBackground:
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‘::L
“o 40 80 120 160 200

= 4.3 x 1037crn-2day-1 x 460nb x 1.6 x 10-4

= 3400 E\mts/da}-: D*+ + DOm,~ft x O E\wIts/(l;Ly
E, (GeV) Ew (GeV)
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pr DO c 1 GeVlc
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Gehrmannand Stirling,PRD 53 (96) 6100.INPUTS: pohwizeclpdf
unpolarizedpdfi

An...-..

(gluo~ helicitydistribution:Gehrmann &Stirlin~(1995)) d Martin, Roberts, and Stirling, PLB 354 (95) 155.

nrou c..:.. mNflc 0 n“..!..- 1000* additional kinematic constraints(PT)on PGF I -Q J (~) & 0.111
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@bh+h-
LL

correlated high – p~ hadrons

Expectations for 200 GeV p’s with 6Li2H target

JLdt = 2fb-1 = 1 year of COMPASS

Bravar, von Harrach, anrl Kotzinian, PLB 421 (98) 349.

h+ h“ (p, >1.0 GeV/c) K+ K (D. >1.0 GeV/c),
0.2 —— 02 1

L_-!
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Semi-Inclusive Results from the
Spin Muon Collaboration

(SMC)

Jorg Pretz

Yale University, IVew Haven, CT

on behalf of -the Spin ikluon Collaboration

A measurement and analysis of semi-inclusive asymmetriesfor 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
Q2 >1 GeV2 is presented. From these asymmetries and the SMC inclu-
sive spin asymmetries we determine the polarised quark distributions of
valence quarks, AuV(z) and Ad.(z), and non-strange sea quarks, A~(z),
at Q2=10 GeV2. Combining all SMC data we find for the first moments

.l~ Auv(z)d~ = 0.92* 0.11* 0.07, J: AdV(z)dz = –0.53 + 0.15 ~ 0.07 and

.j~ A~(z)dz = -0.02& 0.05* 0.02, where we assumed Ati(z) = A~(z) =:
A~(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 (Az(z) = Ad(z) = As(x) = As(z)).

The x-range covered corresponds to 90% for the UVquarks and 84% for the
d. quarks (&&~ Uv (z)dz = 1.80, Jj& dv(z)dz = 0.84), i.e. the extrapolated

region at low x amounts only to 10?10and 16% for the Uv 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: xflqu (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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2@ – ~) = zA@5) (points)

~(q+ + d) = q(x) (lines)
unpolarized quark distributions (GRV)
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Integrals Ii A@)dx

0.003
10-3 * 10-2

‘“r n
1’

s

fits to semi-incl. data and measured negligible
paratneterizations obtained because t,mpol.
from inclusive data clist.aresmali

,

AZ= A%+ A&+ 6A@ = 0.26 ~ 0.07 & 0.03
at Q* = 10GeV2,
published in PLB 420(1998)180

syst. error: unknown tragm. functions, P“, F&, ....
AssumingAil= AZ= qAs = qA5 and Varying ~
in the range 0.25< v <1.5 changes ~ Ati&c)dz by 0.006
~ sensitive to nom starnge quarks only

.
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Assumptions:
(1)

(2)
SU~3)sym. sea (An= A~ = AS = As )
SU~3) sym. in ( Au, = Adn , Au, = A~.F,... )
baryon octet

~ ~;”p = jA~ - Ad & gA’O’A= ~A~ + A& dx
v 9

strongly depend SMC
on (1) & (2)

~@(@ dx = 0.92+- 0.02 0.77 * 0.10* 0.08

~Adv(@dx = -0.34 * 0.02 -0.s2 * ().14 * 0.09

2nd moments of the valence distributions

M.Gl&Mer et al.
hep-ph / 9708270 I SMC

jx AUV(X) d~ = 0.189 ~ 0.008 0.155 ~ 0.018 ZE0.010

JXAx(x) dx = -0.046 ~ 0.003 -0.056 * 0.026& 0.011
lo~

,,,’,:... .’.”:“ ..:...,-,)::‘,,{. -, :.-‘. ,$.,..,>;,,,.. ., .,-.
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0 AuV(x)>0, < A@@= 50%
polarisation increasing with x

AdV(x)<0, < AdJ& = – 50 %

A~(x) = 0, 2 j AT(x) dx = 0.02+- 0.10

~ As(x) +

$
A~x) dx = –o*J-l + 0.03

0 fkst direct measurement of
poltised quark distributions

.

.

0 good agreement

1s-t moments e barym dway constants
2nd moment e lQCD

.
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PHYSICS R,ESUI.TS FROM HERMES

RALF KAISER - DESY/ZEUTHEN
Ox BEHALF Or THE HERJfES COLLADORATIOX

RHIC SPINWORKSHOP, BNL, OCTOBER 1999

0 POLAPUZIHI G~U.ARK JjISTRIBUTIONS

● COMPARISON TO PREDICTION’S

D OUTLOOK

~?ESULTS AR-E B.4SI?D Oti TEE SM.TA TAKIXG F’ERiODS

1995-1997 GF THZ HERMES EXPEW:JENT AT ~EPA.

Flavor Decomposition of the Polarized Quark Distn”~utions

in the Nucleon from Inclusive and Semi-inclusive

Deep-inelastic Scattering, HEP-EX/9906035: TO BE

PUBLISHED IX PHYS. LETT. B

THE RATIO

[S RE[..-lTED TO THE ‘.1 S.4s[.:s.w) r,F.<l”ox
yl,J(.. J,~ov. . . . . .is\”\f\fKTRY .+$”) BY

~RO?d THE ,\ SS(:MPTIOX g~) = O FOLLO\VS

~:,(h)
(h)

.1, ‘~l:(”)=- .
/:(/,) D(1 + q-y)

,:..- ,.“...,< , ‘.’.
:7:: “,.. ;<>>,;,-,.~ ,...~
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IN SEMI-INCLUSIVE DEEP INELASTIC SCATTERING

A HADRON k IS DETECTED IN COINCIDENCE

\VITH THE SCATTERJ3D LEPTON.

(E. p;
/e-—-~--–--. ;,,

:.,+.,
,.,><,;;..,,
.. ...+.;

‘* ..

● SELECT HADRONS FROM THE CURRENT FRAGMENTATION

REGION BY CUTS ON

..h/v >0.2 AND =,9 = 2p;/w’ ~ ().1~=fi-

. IN LO Q(2D (ASSUhiING SPIN INDEPENDENCE OF

FRAGMENTATION):

{J-.J)W (POLARIZED) QUARK DISTRIBUTION

i ‘:;: FRAGMENTATION FUNCTION,. /

0.8

0.6

0.4

0.2

0

0.3

0.2

0.1

0

-0.1

-0.2

-0.3

(a) (b) (c)

x

:,., l.. \ .. 1::. ,. :1.! .. \ ! :.:1 ~.\ Q- [,;. : .,. ( !. ,, l:!\
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d@~XTRACTION lA7HER13 DO THE .F’I;RITIES

●

●

●

●

REWRITE PHOTON-NUCLEON ASYMMETRY
CX).MEFIK)M “?

. SMC: PURITIES

p;z<ri- pi :..
~ i..;Z] GIVES PROBABILITY THAT

A QUARK Q(z) WAS STRUCK WHEN A ARE DERIVED FROM MEASURED .~:j]fi(:)AND
HADRON h(Z) ISDETECTED PARAMETERIZATIONS OF q(x). “’

PURITIES’ARE SPIN-INDEPENDENT QUANTITIES

(FRAGMENTATIoN PRocEss SPIN-INDEPENDENT)
● HERMES:

DEFINE

c TO EXTRACT QUARK POLARIZATIONS SOLVE
Measured

A: (X)

0.6

I

(Au+iii)/(u+ii) tl

0.4 ● +

● h+, A-–.4SYMMHRIES ON THE PROTOK

DO\lIX..WED BY ~11(.r)

● s~xsi”rlr[-n” 1’0An.3(7= lox: FOR :C <0.2

0.2

0
0.5

E.. ””l
L

..O
.............................................

(Ad+A@(d+~
E t

-OLLL1● +-”-”i-”-i”-”-”-”””-;-”-”-”-””‘“-.-.”’-”-”-’-”

0.5 Aq.jq%

}’.+. .+. .4. .<. . . . .0. . . . . . . . . .

-,>,,,

0.03 0.1 0.5

x

FLAVOR DECOMPOSITION OF QUARK pOLARIZATIONS

,\S.\FUNCTIOX OF x AT \lE.wSUREDQ2.
SEA AssulIP-rIox(l):
.!\rl.\::._ ~.{: A? >.7—>-.= .-—.._ as _ 3:= .—J =-= —_~
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\’ALENCE AND SEA @MLK

DISTRIBUTIONS

~OMPAFLE’ON TO

I?AIL4METIHW-*T1 c)m

[ I

!wFii=lo :...:: .....+.. : .-== :...*-

7
+

-0.1 /, I
0.0s 0.1 0.5

x

POLARIZED VALENCE AND SEA QUARK DISTRIBUTIONS

AT Q2 = 2.5 GeV2 COhiPARED TO SMC IN THE

}{ ERMIX RAYGF. 0? x.

SOLID LINE: POSITIVITY LIMIT

DOTTED LINE: ~EHRMANN/STIRLING (GLUON A, LO).

SMC SEA ASSUMPTION (2):

Au.=Ad~=AszAti=A~ cA5.

lNTLGR.ALS OY’Ell ME.4Su1{El.l RANGE

INTEGRALS OVER THE MEASURED RANGE OF z

ARE OBTAINED AS

WHERE (~~/q)li Is COXST..\NTT }VITH EACH BIN

p$,, x,+,].

[

F
Au,,
Adv
Aii
Ad

IAL

HERIIES SMC
0.52+0.0.5● 0.0s 0.59+0.08 + 0.07

–0.19+0.11 * 0.13 –0.33+0.1 1 * 0.09
–0.01*0.02 * 0.03 0.02+0.03 + 0.02
–0.02+0.03 i 0.04 0.02+0.03 + 0.02
–0.01*0.02 * 0.02 0.01*0.03 * 0.02

COh[P.ARISONOF HER\IES ,\NDSIIC, IXTEGR.iLS

IN THE HERhlES x-R.AXGE OF ().023< x <0.6.

.~LL \“..\LUES GI\”EX ..\T ~2 = ?.~~e~=.

0.2

0.15

0.1

0.05

0

q
0.1

4
s 0.05
x

i~J....... ..----------............... .
~

I iE I I
o

E
............................

-0.05 -----
;.&;;.,’

-01 “-y.:-- -J-::::l, :.,”: “

‘“ ‘-{y-. ---””*
-0.15

-0.2

-0.25
. .

0.03 0:1 0.5

x

DE FLORIAN AND GLtiCK PARAMETRIZATIONS

CORRECTED BY A FACTOR OF (1 -i- R) TO

ALLOW FOR DIRECT COhlPARISON.

~PIN~(jNT~~I~l~Tl~~s

&3>,lPAR.ISON TO P~E~Icmo~s

TOTAL INTEGRAL PREDICTION

Au-i-Aii 0.57+0.02 + 0.03 0.66+0.03 SU(3)
Ad-i-A~ –0.25+0.06+ 0.05 –0.35+0.03SU(3)
As -i- As –0.01+0.03 * 0.04 –0.08*0.02 SU(3)

Ago 0.30+0.04 * 0.09 0.23*0.04 SU(3)

Aq3 0.84*0.07 ~ 0.06 1.01+0.05 BJORKEN

Aq8 0.33+0.10 + 0.11 0.46*0.03 F& D

Auv 0.57+0.05+ 0.08 0.84+0.05 LATTICE

Adv –0.22+0.11+ 0.13 –0.25*0.02 LATTK”~

● FLAVOR SEPARATED FIRST hfOMEtJTS DIFFER FROM

su(3) PREDICTIONS,BUT THE UNCERTAINTIES DO

NOT ALLO\V A STATEMENT \VHETHER su(3) FLA\~OR

SYMMETRY 1S VIOLATED.

Aq,, = ~u + ad +- AS AGREES WELL \VITti THE

S~(:3) PREDICTION.

Aq3 = Lu – Ad IS IN AGREEMENT ~\’ITH T}IE

B.IORKIX SUM RUI,E.

@S = ~1( + Ad – ~~S IS LO\VER THAX THE

PREDI(.TIOS. BUT STILL (. OXSISTEh’T.

AM,, 0V[;R12STlM,\TED RY QUES(T31) I,,\TTI(Z ~~~
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Tm ~ilRMIM R,I~~

0 Ay) MEASURED ON 3He AND lH TARGETS

~ pOLARIZATION ‘FOR u QuARKs pOSIT1~,

FOR d QUARKS NEGATIvE AND FOR SEA

QUARKS COMPATIBLE WITH ZERO

O SINGLET COMBINATION Aq3 AGREES WITH

BJORKEN SUM RULE

O FLAVOR SEPARATED FIRST MOMENTS DIFFER

FROM INCLUSIVE RESULTS BASED ON Su(3)f
SYMMETRY

Q OCTET COMBINATION &8 LOWER THAN

THE VALUE OF 3~ – D PREDICTED USING

S~-(3)f,BUT STILL CONSISTENT

CwmM MwoN CAINDHMIW

- ,. 8---
--~ ‘“””’

~$ :! : -? ;-... ......-. . . .. . .. .... ....

Lr. ,,
.....: “,”

: ..:

,..- ,i#wFi.,2y’:

y
o :,

..-
,,. ,

02468,0 ,2,4,6;’
p IGeVY

-’ DIZSI(:XRESOI,(”TIOX REACHED FOR GAS

:\Xl) :\l{liOGl~l, (IVITIIIS 10(A).
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IMPROVED PRECISION FOR Ad(z)WITH
DEUTERIUM TARGET

‘T,~, P ASYMMETRIES AND FRAGMENTATION

FUNCTIONS FROM RICH DATA

SEPARATIONOF LIGHT AND STRANGE SEA

POLARIZATION
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Flavor asymmetry of polarized parton distributions
in Drell-Yan processes

S.Kumano *

Department ofPhysics

Saga University

Saga 840-8502

Japan

ABSTRACT

First: we discuss polarized proton-deuteron (pal) 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 (&
[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 A(T)Op~/qA(T)Opp and the flavorasymmetry
inpolarized 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]
indlcat.e 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, Phvs. Rep. 303 (1998) 183..

[4] S. Kmnano 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

● New spin structure of spin-1 hadrons

tensor distribution (bl)

no theoretical description
for polarized pd Drell-Yan
until recently

● Flavor asymmetry ii / ~

unpolarized case (established fact)

~ polarized (totally unknown)

● possibly at RHIC ? (or FNAL, HERA)
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Spinasymmetriesinthepartonmodel (/d&cme)

Unpolarizedcrosssection

Spinasymmetries

v?
ALL=– _

4WT=

ZB)]

Advantageofthehadronreaction(b?measurements)
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p-d asymmetry Rpd (XF -+ 1)

‘(T)UV(XS 1,>> ‘(T)dv(xa 1,

‘pd(xF~ 1)= 1-

‘(T)U(X2) - ‘(T)a(x2)

2 ‘@(x2)
x’@o

1———

2
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RPd (LO evolution)

1.?

0.5

— Longitudinal

---- Transverse

07. ----

r~= 1.0

--- ------ -

----

r~= 1.3

/S =50 GeV

0, ...
I i ,,, ,, I ,., ,

-1 -0.8 ‘ ‘-0.6’
t

-0.4 -0.2’ 0 0.2 “ “ ‘0.4 “ ‘ o:6
I I

‘0.8

XF

1.0,1.3 at Q2 = 1 GeVz
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Rpd (cm. energy dependence)

ds——

m —--- —
50GeV

200GeV

1

0.5

r<= 0.7
-..”..”..-..”..”..-... ... ... ......

...

1.3

Mwp= 5 GeV

-1 -0.8 -0.6 -0.4 -0.2 0 0:2 0:4 0:6 0:8 i

XF

:,. . :., ,>:.-.: -=Ty-7-
:t:~,: . . ; .

., , ..>:.;$;
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Summary

● P, T, H + many structure functions
inp+b~+~-+x

● New functions - tensor structure
(measured by quadruple spin asymmetries)

● b ~and particularly b~can be
measured by AUQOm

A(T)GPd Au
● Rpd=

2 AC)OPP
is useful for finding A(T)a

(T)

especially at XF~ 1.

● The above point is important in the transversity,
for which W production and inclusive Iepton
scattering do not provide information.

● Future possibility at RHIC !?
(FNAL, HERA)
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Discussion on Quark Polarization

Measurements

Naohito Saito

The institute of Physical and Chemical Research (l?IKEiV)

Wake, Saitama, 351-0198, Japan

and

RIKEiV BNL Research Center

Brookhaven National Laborato~

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,

itshould 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.

. . . , ,, ,,, ,.. ,, -,-:-~-. ;>....,.-, ,;./ .?, ,..,!:’.. ,.9. . .:.-,,- _..: ... ...
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Why Interpretation?

● E3ecau5ewe want to come to a univer5al
view of hadron induced reatiion5.
– ‘polarized gluon distribution” Ag(.x) ia relevant

to PP -> HX not Ag(x)+L~( “X”)

● 50 we want to interpret the redta in
– Gauge Invariant Framework, if pogaible
– QPM,the moat widelyaccepted model which

have been playing crucial role in the 5M

Di5cua~ion of Quark Polarization

Meawrementa
KHIC5pin Collaboration meeting,

October 6-0,1999...%..;-. .... .... .,.. .. ..”,.,..,--,.....,,. .. . ..
.: .,.’

5aito

Research Center
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What we know from pol-D15?
● Three different 5tyle5:

– 5MC gtyle:
● 4-indep. Functions: ~(x), AqPNJX),AqpNJx),Ag(x)
● quark part equiv. to:

ao(x)=Au(x) +Ad(x)+As(x)
a3(x)=Au(x)-Ad(x)
a8(x)=Au(x) +Ad(x)-2As(x)

equivto: Au(x), Ad(x), As(x)

- A6FR(AltareIli, f3all,Forte, Ridolfi) gtyle:
● 5imilar to ~MC but a55ume5: a3(x) ~a8(x)

– PDF-gtyle:
● 4-indep. Functions: AuJx), Ad{x),

AS(X)(= Zh&=(x)= AdJx)), A~(x)

I

I

Why do we need Ad(x)?
I

● Exam plea

– Prompt Photon
. gluon Compton: ~e~&,(X)

Ag(x) ,
“L(%) =au(qg + y“)”—” ;i=u, ii, d,~, s,~...

g(x) ~e~q, (x)
● annihilation:

~e~Aq~(x)A~(x)
1

‘%L(PT)=%L(47+%). i
~eF9,(x)Z(x)

;i=u, ~,d, ~,s, ~...

– Jet Production: ‘

w“
AqAG “ y= >(:j&j

-——— q [{,/ q G /,,...’’.,, :
g9+ ~9
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What we can do?

c 5erni-inciusive D15 ●Experimental feasibility
‘w

● rate, background
s Drell-Yan

s High-pTjet?
•TheO~ ba5i5:

● W+charm? ● FAQ fa~rization OK?

“ Gamma+charm? cpQCD

c Comments and que@ions at the meeting
– CC inePcollision (mentioned by Bob in the dimwsion)

uinp=dinn?
— 3He+p collision at 240 GeV+ 350 GeV possible?
– Hi-pt DYti look at g(x), ~(x) ...

(Zq-sg-.-’, viag+qt

●NO neutrino expfor polarizedca5e...

What uged in unpolarized cage?
Martin, Roberts, and 5tirling PhyaKev.D50(1994) 6734

Process/
Experiment

DtS (f.uV + &X)
BCDMS,iX~fC
=,UP,p

DIS (WV + LX)
CCFR(CDIKVr~
F;x,z~

prv+ &x
F;,EMC

VN + P+KX
CCFR

DJS (HEFLA)
F,q(H1,ZECS)

Leadingorder
mbpromss

?“C+ c
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Progress Report to the
Annual RHIC-Spin Collaboration Meeting
BNL, October 7, 1999

How could C_P-invariance and physics beyond SM be tested in
polarized proton collisions at RHIC?l

V. L. Rykov
Wayne State University, Detroit, MI ~8201, USA

Outlook:

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

. The measurable single- and double-spin asymmetries which could be an indication of
C’P-violation and new physics in lV*- and Z“-production by polarized nucleons (and
leptons) are discussed.

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

● RHIC sensitivity to the ‘(illegal” (in Standard Iv.lodel) 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--, p+p--, and particularly @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 ZO-boson production in polarized proton collisions
at RHIC by comparison the relative signs of various asymmetries (if~ound 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 ZO-production from quark-antiquark annihilation.

1hep-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

EXAMPLE:

Phenomenologica.1 interaction Lagrangians:
(G. L. Kane, G. A. Ladinsky, and C. P. Yuan, Phys.Rev. DJ5 (1992) 12J)

6“

f;75)qu + he.]}

‘(Vector”

“Tensor”

ural” energy scale for the “tensor” c~upling; qu and qd are for the

“upper” and “lower” quarks, respectively.

The usual (V –
all jj3 = o.cP-

A)-interactions correspond to ~~ = ~~ = 1, and
and T-symmetries are broken if any or

all ~~ are complex.

Neutral current:

Formfactors f~ and ~~ are real; C’_P-and T-symmetries are

purely imaginarybroken with nonzero and

f 2– =

formfactor ?;:
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V. L. Rykov. Search for CP-violation and new physics at polarized coflidem

I Aq j;v: “Vector-Vector”:
(Potentiauy) Large double-spin asymmetries:

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

Parallel spins

t

kY N
Perpendicular spins

_!c’ +,,t~
-F

8

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

A R +Im(~~~~-){m~ ● [c: x ~P](<’ ● m~) + n~ ● [C# x n~l (# ● w)}

Parallel spins

t!

➤

I(X

f sin 2q

Perpendicular spins

~.-.~-*

t Cos 2(P

.
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V. L. Rvkov. Search for CP-violation and new Dhvsks at Dokrized colliders 9

I Mfi I;t: “Tensor-Tensor”:

.

-

R

Corollary:
Cp-even (spurious):aq(qdqu)= ‘~~l(q~~d)

CP-odd (true): ~~~(qd~u) = f~”l(%~d)
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V. L. Rykov. Search for CP-violation and new physics at polarized co.liiders

Back to the Earth (Q&A)

Q: What is the expected RHIC sensitivity to “illegal”
asymmetries?

A: At p~-interaction

W* and Z* event rates

it is WIO.

at @ = 500 GeV for
f L“dt = 800 pb-l; Cuts: PfP >20 GeV/c.
(A. Derevschikov,V. Rykov, K. Shestermanov, and A. Yokosawa. Report to the SPIN-94.)

Q..
A:

Ew+
w-
Z*

STAR-b

64,600

15,000
2,700

STAR_blec

71,500
20,600
4,200

STAR.b2ec

78,400

26,200

6,200

PHENIX_lp PHENIx_2p PHENIX_e
w+ 4,650 9,300 14,900
w-

5,050 10,100 2,600
Z* 25 3101 120

1-700 without PT-cut.

How large could be the discussed

C-P-odd double-spin:

pp-level?

N(O.03-O.05)xIm(F’ll?~) where .FI~ are for either f: or>
~~ x ~WZiA, depending on the particular asymmetry.

C’~-odd ‘single-spin:

- ~ x Irn(j~jJ x Mwz/A N

w(O.1-O.3)xIm(jlj~) x Mw,z/A. ‘
O. Martin, A. Schafer, M. Stratma.nn,and W. Vogelsang. Phys. Rev. D57, 3084 (1998)

—
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NEW PARITY

VIOLATION EFFECTS

J. Soffer

.,:., ...< , ,>,> .:-’,: ,.. ..r.,, ‘-. .,,.;;:;{: ;-~ -,., -,, :; H& , .’ .”,.



-. .

.: ,-.,, : ~........... :.-

.... .. .

m

. .

St&+-._ -.. . .-+>-y :; :- :..’.>.:=:-..::
“’=---+~==’=?.=?— —m. .

‘.”--==-;: -- ‘“- -“.+-o ..----‘--+-m

7

‘i

..___ .- --.:-..........,::..,..&&-’-... ..+”- <.. , ...
. . . . .

f

...................s k----- ................-..+.-.,.:.><.e+=. ... .... . . . ... . . .. . . . . .. . ,.

-..

T – c++--

. A:
0.02

i J-

/

..-““””,/’
.-”””””””./

/“””,,q

“’”/@J...

0*

1-......................................................................-. ...... .... ... ... ..

I I * I s ●

60 80 100 120

.-.

126



.,

i

----

1

0.15

0.05

0

–0.05

–0.1

-?-
PP––>jet X

A = 1.6 TeV
&q=–l ,’

/’
4

/
. /’

/
,

/

/’
/’

/’
/’

/’
/’

/’
/’. T

/“
0“

/“

-.=
-. \

‘\
‘\

‘\
‘\

‘\
‘\

‘\
,
\

\
\

.

&?)=l ‘.
\\

Y.

I I
a-

t I t I ! t t I J

50 100

ET (GeV)

‘.,- ::- .. .,’
. .

... , <-



..

. ,,

\

.



%

.

u ts- &sT-



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 gaug~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 7Y” = Z8L/8~,P~,V - gPVL be the energy
momentum tensor for ordinary fields @ that carry color, and described by Lagrangian densi~ L. The
notation is @,P = ~P#. Let A~b(e) with color indices a, b represent the potential in terms of new fields e
and their derivatives. Transferring ordinary derivatives to gaug~covariant derivatives is accomplished if
&@A;b = (~A”b &c )Ec~ / ~,p ~,.. This iSsolved by a representation

gA’b(e) = - ie~&~.

Under a local color transformation Uab(Z), e; (z) ~ Uab(z)e~(z) one finds the derived A(e) transforms
like the vector potential. There is a constraint e~~~ = dabof 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 6A 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 T~&e = F~~3° - g~VL which is the
‘Poynting” expression. The quark (~) angular momentum density is the one obtained by replacing ~~ by
D+, where D is the gauge covariant derivative. The gaug~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 variablea, via the illegitimate notion of adding ad-hoc
pure divergences that “change nothin#’. 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 deeperCrisisof
interpretation of the gauge-sector. Certainly A is a useful coordinate for perturbation theory. The
non-perturbative nature of measurements, however, suggests that different variables transforming like
e; 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-L5MD (Brown University 1999) (in press).
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Pion Inclusive An at 21.6 GeV
from C and H2

( E925 )

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 Ott 7, 1999

Measurements of the spin Asymmelxy 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 horoscopes and ananalyzing magnet.
Polarized beam from the AGS was extracted and collimated. Beam
intensities of up to 10A7/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
transparencies.

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 %,
(Pp ehSti-C) used

of the n
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 -Measurementof Pion-Inclusive AN at 21.6 GeV/c

E925 measured T* and proton inclusive analyzing powers at 21.6 GeV/c,

and verified that they are large and have the same signs and generil ap

pearance & do the 200 GeV data.

There were two running periods:

November 1997- Carbon Target fW?L(5#E9

$LB 45?, 41z @f~
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E925 - Measurement of Pion-Inclusive AN at 21.6 GeV/c

Experimental Layout:
.

WECGE

SWIC ION
CHAMBER

Bv
Bm

BEAM
------- ---------

-------- --- --flm

BV
flm

BC -Um

C&

WEDGE

The Experiment was done in the B1 line at the AGS.

138

.-

*



.

v 2.2
>

$! 2 . . .

&
..

. . “.. .1-8

I

. ...-
. . . .,:.. . .

1.6

F

. . .. . . . ..””..--. . . ... .. .. . . .. .. . ....”. . .. . . . ... . .. ..
. . . ...”.

1.4 L
..-. . . . ..”.. ..- . . . . .. .. ,. ..” . . .. . -.

1.2

1

0.8

0.6

0-4

..-. ...-. . ..”. ..
.-

..- . . . . . .
---------------- ---------- . . . . . .

.,. ...”.. . . .
., .,.. . . . . :.. . ,..

. ..-. . .
. ...”.-..

. .. .
..

.. .

,

c ------------------------- J

. .. .

0.2 t!t*llt ll*qll, *,l+fl*, l,, ,f, @,l, *,l ,**
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2

x~

FIG. 15. Scatter plot of ZF vs. ~. The k indicates the cuts on ZF and ~. This was the final cut

before background subtraction.



.-. —————. —.—

60

.

40

20

0

–20

–40

c /’(2

‘@

1

1

–60 I 1 I I I ! I I I ! I I I I I , I
0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0;8

I
0.85 :

.

140

—. ——..



2

40

20

1

● 7r-

■ 7T+

o lT-

❑ 7r+

21.6 Gev\c

200 GeV\c

~o

1 ~n m

o 4..........g...Q..Q..-.e-&.o.. .. ..... ......? .....q ............................................................

o
0 +

–20

–40

I

-60 ~
0.7

1
I t

0.8 c
%

FIG. 21.Comparison of inclusiveanalyzingpowersAN from 21.6 GeV/c and 2013GeV/c [1].
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RECENT RESULTS ON”lNC~USIVE PION ASYMMETRIES

S.B. Nurushev

Institute for High Energy Physics, 142284Protvino, W?

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

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.1) measured
the analyzing powers for pi(+,-), K(+,-) and p, anti. p at 40 GeV/c.
The particle identification power can be seen i.n Fi.g.2 The measured
kinematical region was: x_F=0.02-0 .ll(central region) and p_T=O.7-3.4
GeV/c. For pions and kaons the x_T dependence seem similar to ones
seen at E704 in forward direction, while data for p appear not
depending on x_T. (see Fi.g.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 schema of
apparatus is presented i.n 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=l.05-2.95 GeV/c for EMC1 and x_R=x_T=0.3-0.4, p_T=l.75-2.35
GeV/c for EMC2. Qoth EMC1 and EMC2 were installed at 90 degr.
in the c.m.s. EMC3 has an acceptance: x_R=O.25-O.5 and p_T=l.7-’2.2
GeV/c. 17hile asyhmetry for EMC and EMC2-~s consistent with
zero(Fig.9), EMC3(havimg x_F around -0.3) shows nonzero negative
asymmetry growing with x_R(Fig.10). This is a direct indi.cati.on 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 imjecti.on energy 22 GeV. The
scheme of detector is presented in Fig. 11. The polarized proton beam
of AGS was used and results on analyzing power for hydrogen and
carbon are shown i.n Fig.12. Two important conclusions can be drawn.
First asymmetry(si.gn, 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. FC)DS-2 experim&w-&rieon tb~-- pmn beamof40 OeVkprti tio@._________.. .. ._ ----- .. ..-. ---
tiAdq. ~eh_dmd&tikp~tiT* LW~tititile
theparametersof theE704 sdnp are includedtoo.
Table 1. The list of ~ Offie primatyprotonbeamandthepokized p- beamfromA-
decayfor twoexperhnenalsefupsE704andFODS-2.

Parameters I E704 I FODS-2

Primarv 13ea321:
Momentwq *Vfc 800
Intensity,protons per spill (0-3-2)xI012 It’
Beam size at the productiontargq Xxy, n’un**2 0.8x2 4x2.5
Duration of tbe spil~ Sec. 20
Duty fixxor,%

1-2
22 ..

Pol&ized beam
Productiontarget,rnateri~xxyx~ mm3
Mom- GeVlc

“Bej L5XL5X300 ~ ?X7.3013

200
Momentum bite,’% *1O
Beam size at iinal f-nns), xxy, mm3 15X15
Angular divergen& atfinalfocus, X-xy.,nmd2 0.8X0.6
Pion contamination in polarizedproton ~ % *13
Polarization tagging detector, yes
Polarization tagging resolution,Y. *11
Momentum tagging deteetor yes
Momentumresolutionof thetagging detector,% *1.5
E?eampolarimetec
Beam petition calcubted~ “/0 +Sf 3 ‘&
Beampola.rizati& measuredby the CNI pokrimeter,’% 41M6
Beam polarization measuredby Primakoff polarimeter, %

40H
Total polarized protons at targq 9X106 -
Tagged polarized protons at target 6X106
Tagged protons with fpl>ss~. and d%=g~~.

. ..---’ .:. 3X106
Polarization reverse ‘

“by~em of 8 magne~

m ~o,a
no
—

no
no

g+l_3

—
—

9XI06 ‘
—

—

by movabIe

[T-
-- is

9- cl

F
d

-L
metres

,Mu

7

“1?!! -1 The schematic layout of FODS-2 spectrom- :
eter.
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target. M is the ma.giiet of the target. EMCI, EMC2, and .EMC3 are three dectro-

m-etic c~orimetm- 9° h Lab. SYstem corre&onds to 90° in CM for 70 GeV.
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Fig.-s ~ The two-photon invariant-mass distributions for > produ&m at a) EMC1 for the

- ~ region fkom”1.7 to 1.8 GeVfc; b) EMC1 for the ~ region from 212to 2.3 GeV/c;

c) EM(22 for the ~ region from 1-7 to 1-8 C&/c; d) EMC3 for the ~ region fkom
1.2 to 1.3 GeV/c (after. energy scale correcti~s (see t~) the mean mass m.lue has

changed km 11S to 129 MeV/c’).
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E925 results

Hydrogen :orget (wn-99)
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Fig. 12. Analyzing power at 22 GeV/c for inclusively produced pi-(+)
and pi(-): a) on hydrogen, and b) on carbon targets.

Conclusions

Experimental data iYom FODS-2relevant to thecentralregion indicateonsome interesting spin
effects like similar to BNLdata xTdepmdence, flavour dependence. etc. But oneneeds more precise
measurements by improving the technique of experiment and the statistical precision. -

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 just@ the inclusive neuwal pion
polarimeter at RHIC domain of energy.

Experiment E825 gave an evidence for the similarity of the analyzing powersat21 and 200 GeV/c. It
also shows that the analyzing powers in inclusive pion productions at hydrogen and carbon are
prac 7$. ca~~ co;?? c/. C#/”n$7 .

For pcdarimetry at RHIC among 3 above exqxriments only E925 presents a solid base. It is important
to make an additional measurements at the intermediate energy between21 and 200 GeV/c and also
around 250 GeV/c(RHIC top energy).

The drawbacks in eqxaiments 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 precision in beam polarization measurements were: 1997 nun- f16’XO,in
1999 run- ~16’%0.The goal to have a precision K@ not yet reached.
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llLSTRIWJTION AND FRAGMENTATION

Ft!NCTIONS

1~’IMUTHAL SINGLE SPIN &YMME1’FuES

HER?,IES l@UL~S

~ESULTS .iRE BASFD OF TEE DATA TAKI~G pERIODS

1990-1997 OF THE HERMES EXPERIMENT AT liERA

Observation oj a Single-Spin Azimuthal Asymmetry in

Semi-Inc[usive Pion Electro-Production, SUBMITTEDTO

PHYS.REV.LETT.,HEP-Ex/’39xxxxxx

.-

~13TI<IBvTloN AND l~Iw~MEfw.A;TI(jN

~l!?4CTK)NS

TRANSVERSE POLARIZATION ADDS QUITE A FEW

D1STRIBUTION FUNC?IVOXS TO THE \\tELL KNOWN

UNPOLARIZED f, AND LONGITUDINAL g,: THE

TRANSVERSE h.: AND A VARIETY OF MORE COMPLEX

FUNCTIONS (RALSTOX. 1979].

{,1.Rv.RwT i & Tl\.#\T2.,, PFR.,.RIPT J. +@P\RT<lX)> 0):
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DISTRIBUTION AND ,FRAGhfHfTATION

l?UNCTIONS

c1eH+ehX = =fiI-+q~oeq+eq~])q-+h

9

THE SEMI-INCLUSIVE DIS CROSS SECTION

CAN BE WRITTEN AS THE SUM OVER

QUARK FLAVORS q OF CONVOLUTIONS OF

DISTRIJ37;TIO>’FI;?fCTIONSAND FRAGMsXTATICN

FuKcT~o~s.

BASIC ASSUMPTION:

FACTCXLIZ*TION Is VALID, I.E. SCATTERING
PROCESS AND HADRONIZATION CAN BE REGAR-

DED AS INDEPENDENT.

THE SIMPLEST DISTRIBUTION FUNCTIONS ARE

THE UNPOLARIZED PARTON DISTRIBUTION

FUNCTIONs -u(:G),~(zj, ETc., ALSO REFERED

TO AS j?.

THE SIMPLEST FRAGMENTATION FUNCTION IS

THE UNPOLARIZED FAVORED FRAGMENTATION

FUNCTION tj:.
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PHYSICS GOALS

● UNDERSTAND POLARIZATION EFFECTS IN

THE FRAGMENTATION PROCESS AND

. MEASURE CHIFL4L-ODD DISTRIBUTION

FuNcTIONS AND T-ODD FRAGMENTATION

FUNCTIONS

SINGLE SPIN ASYMMETRIES DEPEND ONLY ON

THE POLARIZATION OF THE BEAM OR THE

TARGET. THEY APPEAR TO BE DUE TO INITIAL

AND/OR FINAL STATE INTERACTIONS .

CHIRAL ODD DISTRIBUTION AND T-ODD

FRAGMENTATION FUNCTIONS CAN LEAD TO

SINGLE SPINASYMMETRIES (.%.4) IN POLARfZED
HARD PROCESSES.

:::>LOOK FOR A CORRELATION BETWEEN

THE AZIMUTHAL DISTRIBUTIONS OF THE

pRODuCED HADRONS AND THE (TRANSVERSE

OR LONGITUDINAL) TARGET POLARIZATION.

●

●

●

FNAL E704 J3NL E925

p +pt + z~.o + .1- -’1,.; u f-’-ro 40 Yo
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SINGLE SPIN ASYMMETRIES

MIGHT ORIGIN.4TE IN QCD FROM THE

DISTRIBUTION FUNCTION (DF), THE ELEMENTARY

SC.4TTERING PROCESS (ESP) OR THE FRAGMENTA-

TION FUNCTION (FF) .

AA, ORIGINATES FROM ...

PROCESS DF ESP FF
1+ pl’ --} i -{-.z= + }i- Aj.i %() .4,?Y= o fly $3

p+p~ ’-+77=+x AN#O ANz O AN#O

p+p~+ll+x
p+p~+lv=+x .~N # O -4N Z O ANz O

in the fragment at ion

region of pt

2° + 2-jet .4N = O .~N = O .4ji/# O
decavs

HERMES - ‘l’IiE EXPERIMENT

...>
l::””’ A/_______f-p,..;:

BEAM ENERGY 27..56 GeV
BE.4?d POLAilIZ..\TIOY 0.5.5 + 0.04 (LONG.)

T.4RGET H\.DROGEK

TARGET POLARIZATION 0.86* 0.05 ::..1’-:(!

ACCEPTANCE IX 6Z –1.7< 6.< 1.7

ACCEPTANCE IX 8:, 0.4< Iov]<1.4

DIS CUTS Q.>l

~p-?> ~

jJ <0.8.5
CL~TS ON FIX..\L : >0.2

HADROXS P_ >0.05

ID EINTIFIED r-i” - 110,000

IDEN”11F112D Y - so, 000
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SINGLE SPIN ASYMMETRIES DEPEND ONLY ON

THE SPIN OF EITHER THE BEAM OR THE

TARGET. THEY APPEAR AS DEPENDENCE

OF THE CROSS SECTION ON THE AZIMUTHAL

ANGLE &

IN THE CASE OF LONGITUDINAL TARGET

POLARIZATION THE AZIMUT1-IAL ANGLE @

IS THE ANGLE BETWEEN THE ELECTRON

SCATTERING PLANE AND THE PROJECTION OF

THE HADRON MOMENTUM pi PERPENDICULAR

TO THE VIRTUAL PHOTOK MOMENTUM {~.

.+.

.~NALYSIS USES AZINUTHALLY IVEIGHTED

MOMENTS OF CROSS SECTIONS:

13,T = L: (UNPOLARIZED),

L (LONGITUDINALLY POLARIZED)

~ (TRANs\-ERSELy polarized)

HERE: [j-= Siz{,.

EXTRACTING -ASYMMETRIES:

IVHEI{E fi (u) DENOTES THE SIGX OF THE,

T.ARCET SPIX.

-A ZIMLTTHAL SINGLE SPIN

&YMNfET}~dIKS

UNPOLARIZED BEAM, LONGITUDINALLY POLA-

RIZED TARGET:

WHERE 4@JJ)(@] ARE NuMBE~ oF pIoNs IN

A i] BIN FOR TWO OPPOSITE TARGET SPIN

STATES AND PT IS THE TARGET NUCLEON

POLARIZATION.
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SYSTEMATIC UXCERTAIXTY.
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A[,7L:pL-DEPENDENci3
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P1 (GeV)

BAND AT THE BOTTOM OF THE PLOT

REPRESENTS THE SYSTEMATIC UNCERTAINTY.
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AZIMUTHAL SINGLE SPIN-ASYMMETRIES IN

SEMI-INCLUSIVEPIOX ELECTRO-PRODUCTION

HAVE BEEN OBSERVED FOR THE FIRST TIME.

THE sin@wEIGHTED A7,1JICTHALASYMMETRY

IS FOUND TO BE SIGNIFICANT FOR m+

PRODUCTION ~.~~~zfJ.[)~S[.$/Q t.)~[}.[~()~(~?).$t.)

WHILE ITISConsistent ll-ITHZERO FOR fi–

PRODUCTION.

THE sin 24 \VEIGHTED .w~lfMETRIES FOR

ii= PRODUCTION ARE CONSISTENT WITH

ZERO.

THE Z– .AND pr-BEH.A\”lOURS OF ~~~~d

ARE IX AGREE\[EXT tVITH EXPECT.ATIONS

BASED ON THE COLLIXS ifODEL FOR

FR.AGMENT:\TIOX.

ADDITIONAL D.AT.A OX .-\DEf.TERItihl T.4RGET

EXIST, BUT H.-\I”E XOT YET BEEN .AX.4LYZED.
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Transverse spin distribution and fragmentation functions

Daniel 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 gT: 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
hl (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~ + n-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 dependence. Hence, by studying the angular
dependence 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 e ~ + e’ m+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 H;
[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 z 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 ~~T, which is relevant for trans-
versely polarized A production, for instance in pp + AtX.

[I] D. Boer, Phys. Rev. D 60 (1999) 014012.
[2] H. Avakian, Proceedings of DIS99 conference
[3] J.C. Collins, Nucl. Phys. B 396,161 (1993).
[4] .A.M. Kotzinian et al., hep-ph/9908466.

in DESY-Zeuthen.



TransverseSpinand Transverse~omentum

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:

H;=

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

Can lead to the single spin asymmetry at

AT N hl(xl) RIf1(x2) @ 17f(,z, i2T)

Anselmino, Boglione &

(PRD 60 (99) 054027)

Murgia

leading order:

Other possible explanations:

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

● Transverse momentum dependent T-odd distribution functions

(~~#jI Sivers; Anselmino et a/.; h: D.B. & Mulders)
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HERMES Asymmetry ine+ @~ e’+ T + X

HERMES reported a sin@ asymmetry at DIS99 [Zeuthen, April ’99]

A
z

Iepton scattering plane

In a factorized picture

)/VW –—

Project

Mulders & Tangerman, NPB 461 (1996) 197

d2pTd2kT 62(pT+q+@ Tt-(@(X;pT)Vp~(~: ~T)~”)

.

.

.

out the sin(o) dependence from the cross section:

10



HERMES Asymmetry ine+ ~ ~ e’+ m + X

We assume one flavor (U+ m+) and neglecting a term AIm/lUf

Polarization of the target is in the Iepton scattering plane

A-OT R Isll(1 – y) hq(z) H;(l)(z)

-!-(1)
where HI (z) = X2 S d2kTk~H:(z, kT)

HERMES:

Polarization of the target is along the electron beam direction

This is a combination of L and 2P, depending on y

We find

11
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HERMES Asymmetry ine+ @~ e’+ m + X
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For 0.2< y <0.8:

Conclusion: For larger Z, but small y, AOT ~ AOL

Kotzinian et al., hep-ph/9908466: AOL is dominant contribution to

the asymmetry; AOT contributes only 20 to 25 % (for O < z < 0.3)
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TransverselyPolarizedA Production

The other leading twist T-odd fragmentation function with

transverse momentum dependence is ~~~:

Mulders & Tangerman, NPB 461 (1996) 197

This is the analogue of the Sivers efFect function (PRD Al (Iggo) 83)

Application

(Anselmino,

Remark: [n

like hl ,H}-/ J.

to transversely

D.B. & Murgia,

polarized A production

in preparation)

charged

cannot

current exchange processes chiral-odd functions

be accessed; @* is chiral-even.

,,. ,, .:-
~,,..j..c ‘ .-;>’:“,,f:,.,.’; , ,.,m.:,,.. j.:”.: ,,.
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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.

Bmail: 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 m+n–
pairs around the jet axis.
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Transverse spin asymmetries

E. Di Salvo

Dipartimento di Fisica dell’University di Geneva,

in llrell-Yan

INFAJSezione di Geneva,
Via Dodecaneso 33, 16146 Geneva, Italy.

RIKEN - SPIN, October, ~ 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.,

pip ~ p+p-x.

- muon helicity asymmetry and left-rightasymmetry - are

Helicity asymmetry isrelated to the transversity function hl.
The two_asymmetries

sensitive to twist-3 terms.
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 l~o. 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 determining hl.

165

,,’
,,~.,,

... ,, .”. . . .



———.—-——.—..—.——.

‘t“TRI

11
,1

u+= c8-

‘t

\/

10-

=.

47<
-+ —---

\

\.

“-s
‘3.
L%~.
s .:
==..i- .Li

.:

.;. ,

A----
k---

.

.=..=.,.+.-,-.. ,.,.-... ... ..

,.

i

,.

.... . .
pr’

.-,.

I&
. . . ..

.’...,.

.:
. . . ..

-. — —.



—

I

-.-=____ z-~. .-=.

+

#

. :.. -.,---- ..+

@LEFT-m14~, W?’MMET-R09

Az=

,,,. ... ,.~. .-.,., “, ,.~. -.., -. . .
, . :..:. j .:. ., -. ~,

:;. . . . , ... ,



— —.

3-QC~ FI l~ST ORDER CORRECT(ONS

.5..+ . .

-—0====

b

+ c. c.

L

- c, c.

.

—.



<

-t-

ed

G)
.“

@ +-=. . . . .. .. .

t

.

:..
. .

.. . .
. . . . . ,..;

,.X : ::””:...:..,.:.-.
.’. .

,.

..... :....

:.
,., .,

,$. ~:
,:-.

. .

Y& ‘“’.. 1.-:

.. ---- .... :;.. .,.
,.’ .,. .’ . . ;-.



. .—..—

mm! s

I
;

I

b “—= -=”-”’ - ,-
- .— ....4 = ---

——

i
f’

Iv
. ~.M()~~~~A. OF WW+$

A12 —4.....-——
y.- .—-- —-.’-—’ --- I— ..

..

t

(AJJ4
. ... ... . ..... ....... - ...—----- . . ..-.

.-.
I

smsruw .
t
I

SOFT -- G-(-(/f@t+VOLE

,

-... ---.:.
,

.—-. - .-.—- --- . - --- ..-=- ... ..

—



Maximum polarization from the AGSl
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 [I]. A solenoidal partial snake was installed to overcome all
imperfection resonances in the energy range of the .4GS [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 arrangementsto realize such a type of snake are under consideration.
The rf dipole concept to preserve polarization at intrinsicresonances 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 intrinsicresonances it
is possible to change the optics during acceleration to suppressintrinsicspin harmonics [4]. .4
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 .4GS 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 Synchrotrons COSY’,
submitted to Nucl. Instrum. Methods A.

[5] A.N. Zelenski, Proc. of PAC 99,106 (1999).

1Work performed under the auspices of the U.S. Department of Energy
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Depolarizing Resonances at AGS

1. imperfection
yG=5,6,...

S 5% solenoidalpartial

2.intrinsic
@.kPtvy

P (GeVlc) m
ER Pfi

4.5 O+vy 0.0061 -0.42

8.0 24-VY 0.0002 0.995

10.8 12+Vy 0.0024 0.45

14.3 36- Vy 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- Vy 0.064 -0.993

+ 18 Gm rfdipole

3.couple
@= O+vX,12+vX,36kvX

4. higherorder
@=60 -vY-9

41 % atyG= 46.5
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AGS Partial Snake designs

Total Length Magnetic field
[m] 1.5 GeV ~] 22 GeV [T]

Helical 2.64 1.350 1,610
7 Dipoles 2.61 1.519 1.950
6 Dipoles 2.75 1.530 1.964
5 Dipoles 2.72 1.508 1.936
4 Dipoles 2.55 1.535 1.971

Magnet length Filed integral
[m] 1.5 GeV [Tin] 22 GeV ~m]

1.786 2.41 2.88
1.706 2.59 3.33
1.600 2.45 3.14
2.118 3.19 4.10
2.100 3.22 4.14

Xmax Ymax
[cm] [cm]

1.90 1.80
2.52 3.58
1.59 4.18
1.63 3.87
1.94 4.83
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Conclusion / Outlook

1.) new pdmi.zed. Smrce
improving factor:

2.) di@~ ~aflkil. snalw..+-.
improving factor:

3.) qu.a.dsat position H.,------------.. ...
improving factor:

LM--- -

+

= 74% polarization from AG-S. .. ..----.....—..-. ...-... .. ... .. ._
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RF Dipole Studies and Plans in the AGS and RHIC

Abstract

Mei Bai

Brookhaven National Laboratory

RF dipole with horizontallyorientedoscillatingdipole field is a very usefil tool in spin manipulation.One
applicationis to overcome intrinsicspinresonancedue to the vertical betatron oscillation around the closed
orbit. This method was successfully applied in the recent AGS polarized proton experiments’ where fill
spin flip was achieved at crossing three strong intrinsic spin resonances of O+-VZ,12+vZ and 36-vZ 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 fill 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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● 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 + nvz
>>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.

I

I

I

i
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● In the presence of a horizontal RF dipole ~leld oscillating at a frequency

close to the vertical betatron oscillation frequency,

Continue from Applications of RF dipole in spin manipulation BROOKH#kUEN
NAI” I(>NAL LAIJ(JI{AIOI{y



– using an RF dipole to induce a full spin flip at intrinsic spin resonance 12+vZ

0.:

fL”

0.1

-0.1

lWVZ

o 8=0,004

5.0 10.0 15.0 20.0
ZaOh[mm]

Continuefrom Resultsof polarized protonexperimentswithRF dipole in theAGS BROOKH=VEN
NA”l”l ONAL LA UORA”I”ORY
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● Spin flipper -- use an RF
presence of full snake(s)

dipole to induce a spin flip in the

An RF dipole with horizontal oriented oscillating dipole field induces
an artificial spin resonance at the location of v~,

‘ tn

w
,. . 03
.,..; ; , +
,.

(

= RF dipole field oscillation frequency
v

Its strength is:

beam revolution frequency

l+Gy B,,, L
E =

41T BP

To achieve more than 99% spin flip, the frequency
has to satisfy:

dv,~ <O
a =— -,295 Ie 12

dO

ramping rate of the RF dipole

BROOKH&VEN
NA’I” IONA 1. LAl]~}{A,lol{y
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>>tracking result with a beam of 1000 particles

1.0

1900partcles(qs204, snakeaxis:OX125n,vfi0.45,Av#LO02
m dp~b ~m+4444457,Cl!lfiTm, XMI-11WWZ7M-lCYM

-, I I 1 1 1

-1,0 1
.

I I I I 1~ 1

U.u 1U.u i!u,u 3U,U 4Uu au,U 6U.U

time[msl

.
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Beam polarization distributions for RHICl
A. Lehrach

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

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 Z(Z7depends on the position
Z of the particle in the six dimensional phase space. A particle with the initial spin Fi at the
phase space position ~ has the final spin Fj and is transported to the phase space point 2’
during one turn in the accelerator. If Tt=l is the one turn spin transfer matrix, then for every
phase space point ~ a spin field vector E(z) exists such that

(1)

The spin follows the invariantspin 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 [I], 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
presentedhere.

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 PHEIWX 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.

1Work performed under the auspices of the U-.S.Department of Ener~
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Optically Pumped Polarized H-Ion Source (OPPIS) for RHIC

A.N.Zelenski, INR Moscow/TIUUMF

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 ~s, within a
normalized ernittance~iof less than 27 mm mrad (see Table 1). This current
corresponds to 9°10 particle/pulse. Assuming 50% beam losses in the
LEBT,RFQ, LINAC, and injection to the AGS booster, that gives 4.5”10~1polarized
protons per booster bunch and finally 2Z10ii 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 ~ 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.

Table I. OPPIS FOR RHIC

H ‘ion current,

Polarization,

Emittance,

Current duration,

Repetition rate,

Beam energy,

(InA)

(%)

(~ mm mrad)

(mA us)

w)

(keV)

specified achieved

0.5 1.5

80 85-90

2.0 1.8

150 600

7.5 7.5

35 35

., . . -.:..-..
.,: /.’.. ,. .’ ,,,,.<::.. .
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Bunch Polarization, Variations, and Other Systematic Issues

Thomas Roser

Brookhaven National Laboratory

Measuringhighprecisionasymmetriesusingpolarizedprotoncollisions atRHICwill
requirea highluminositybutwill also pose new challengesto controllingsystematic
errors.Systematicerrorscanbe causedby beam parametervariationsthatareeither
correlatedor uncorrelatedwiththesign of thebunchpolarization.Althougha typical
measurementof anasymmetrywill be anaverageover manycollisions evenuncorrelated
beamparametervariationscan cause largefluctuationsin theasymmetrymeasurement
sincefillingRHIC will freezein a certainrandomcorrelationfor thewhole store.The
followingthreestepsshouldminimizesystematicerrorsdueto beamparameter
variations:

● Measure polarization and luminosity bunch-by-bunch (bunch pair by bunch pair) and
correct individual asymmetries

. Measureeachasymmetryfour times:no flip, spin flip fust beam, spinflip second
beam(bothbeamsflipped), spinflip f~st beamback (only second beam flipped); and
thentaketheappropriateaverage.

● Recog beams to get new combination of bunch pairs as often as possible and then
average over asymmetries.
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Spin filling pattern in RHIC

A8 1 N++ +lv._–N+. –zV_+
——

LL pz N+++N__+ N+_+ N_+

With 60 bunches per ring ->15 groups of 8 bunches

No systematic errors if all bunches are identical
except for the sign of the polarization.
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Bunch parameter variations

Possible beam variations both correlated and uncorrelated with
spin sign from source and acceleration: toPy

. Bunch intensity (Othmoment)

. Bunch emittance (2ndmoment)

● Polarization (Othmoment) *

7 Y
. Amplitude dependent polarization (2ndmoment)

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.

~..,.ri,)
‘,.” /
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Spin flipping
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Systematic correlations and beam parameter fluctuations are
effectively suppressed by periodic spin flipping:
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Recogging
I

I

I

N
o
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The effect of beam parameter variations is randomized during a
fill by frequent recogging:

4321 1234

4321 ~5678

4321 9 10 11 12

4321 H 14 15 16

(4L)=$4Jcd
i=l
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Physics With A Polarized Z” ~ Collider

Abhay Deshpandel

abhay.deshpande@ yale.edu

RHIC Spin Workshop, BNL

October 8, 1999

Outline of the talk:

● Motivation: Need for Polarized F” ~ Collider

– Recent results

– Open questions

– An e . p collider already exists!

● Physics With Polarized HERA

● Concluding remarks

A Case for Polarized HERA

● Other possibilities:

– An electron storage ring in the RH IC tunnel

RHIC-Z?OA and RHIC-Z” ~

+ Comments.

lYale University, Physics Department, New Haven, CT 06520-8121
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1997 Workshop on Physics With Polarized Protons at

HERA
htt~://wlNw.desy. de/-gehrher3SpiDiD

Conveners: A. De Roeck & T. Gehrmann

DESY-Proceedings-1998-01, February 1998

1999 Polarized Protons at High Energies - Accelerator

Challenges and Physics Opportunities

http: //$flW~w=desy=de/heraspin

Organizers: D. Barbar, A. De Roeck, V. W. Hughes, & F. Willike

Extremely active participation from BN L’s machine ‘

physics groups and RHIC Spin: Phenix and Star

Collaborations

PARTICIPANTS
G.Akarelli (CERN)
B. Badelek (Uppsaia/Warsaw)
S.P. Baranov (Mmcov)
D. Barber (DESY)
J. Bartels (Hamburg)
S.D. Bzss (Bonn)
L. Bauerdick (DESY)
S. Belostotaki (St. Petersburg)
G. Bemardi (Paris)
J. Bliimlein (DESY-Zeuthen)
A. Bravar (Main.)
M.M. Bnsudovi (LANL)
.4. Bruell (DESY)
J. Buttenvorth (UC London)
J. Collins (Penn State)
J. Contrerx (Dortmund)
N. d’Hose (Saclay)
J. Dainton (Liverpool)
D. de Florian (CERN)
A. De Roeck (DESY)
A. Deshpande (Yale)
.M. Diiren (Erlangen)
J. Eh (CERN)

T. Gehrmann
R. Gerharde
S.V. Goloskokov
N. Goodman
O. Grebeniouk
P. Guichon
G. Hoffstitter
V.W. Hughes
H. Ihssen
E.M. Kabut?
J. Kahowski
N. Kocbelev
V. Korotkov
F. Kunne
J. Kwieciriskl
B. Lamp.
E. Leader
J. Lichtenstadt
G. Lobo
A. Magnon
Y. Makdisi
G. Mallet
S. Manavenkov

(DESY)
(D13SY)
(Dubna)
(UC London)
(St. Petersburg)
(Saclay)
(GSI)
(Yale)
(NIKHEF)
(Mainz)
(DESY/Wareaw)
(D13SY-Zeuthen/Dubna)
(DESY-Zeuthen/Serpukhov)
(Saclay)
(Krakow)
(Munirh)
(London)
(Tel Aviv)
(LAL Paris)
(Saclay)
(Brookhaven)
(Mainz)
(St. Petersburg

M. Maul
E. Mirkes
K. Miiller
Y. Naryshkin
W.D. Nowak
S. Nurushev
G. R5del
K. FUth
E. Rondio
M.G. Ryskin
A. .%alfeld
A. ScbZfer
J. Scheins
P. SchiiIer
G.M. Shore
J. Smith
M. Stratmann
A. Tkabladze
G. Veneziano
J.M. Vkey
M. Vogt

W. Vogelsang
s.Wlllfabrt

(Regensburg)
(Kartsruhe)
(DESY)
(St. Petersburg)
(DESY-Zeuthen)
(Serpukhov)
(CERN)
(Erkarsgen)
(Warsaw)
(St. Petersburg)
(Munich)
(Regensburg)
(Aachen)
(DESY)
(Swansea)
(DESY/Stony Brook)
(Durham)
(DESY-Zeuthen)
(CERN)
(Marseille)
(DESY)
(CERN)
(Karlsrohe)

J. Feltesze (Saclayj L. Man~ewicz ~Munirh) “
S. Forte (INFN-Torino)

IL W]ndmolders {Mons) ‘
O. Martin (Regensburg) .N1.Wohiscb (Aacben)

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
202
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Polarized Z. ~ scattering @ HERA

Spin measurements in the kinematic region

●

●

F%darized HERA Machine Parameters

(assumed for workshop studies)

● EP w 820 GeV; Polarization w TOyO

. .j!lew Z7.5 GeV; Polarization N ‘70y0

● Polarization Measurement Uncertainties

AP,/P, - 5Yo; APp/Pp N 5~o

● High Luminosity Lumi-Upgrade: ~ 170 pb–l/year

● ZEUS and HI Detectors

(Flave Already!) (Not Yet!)
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Physics Topics: 1997/99 Workshops

Polarized Structure Functions gl,g5392 dd

Polarized Gluon Distribution AG:~<

NLO-pQCD fits of gl

Di-Jet events in DIS

2-Track events in DIS

Combined fits: gl + Di-Jets

Photoproduction

Polarized semi-inclusive measurements d

Polarized parton distribution in photon Aq7 ~{

Diffraction/Vector Illieson

DHG Sum rule: (mTJ – mti) at Q2 = o~~

(w=, z“) Pmducticm

High Q’ anomaly ~ polarized HERA~<

Target fragmentation dd

A Polarization d

Deeply virtual polarized Compton scattering d

~~ scattering with HERA-N ~/~/.- — v v

Green: Not good; ~: Good; ~~: Very Good
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Measurement of AG(z, Q2) and its
firstmoment...

Numerous approaches possible at HERA

. “Indirect Determination”: AG from N LO fits to gl

. “Direct Determination”: Photon Gluon Fusion in DIS
and Photoproduction ~ AG appears at LO

Signal

e

Jet

Jet

Photon Gluon Fusion

Background

QCD-Compton

e

Jet

Jet

DIS:

● AG from 2-Jet Events (LO) in DIS

● AG from 2- High-p~ tracks with opposite azimuthal

angle in DIS

● AG from combined QCD fit of gl and Jets in DIS

Photoproduction

● zLG from Jets & High-p~ in photoproduction
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A Case For Polarized HERA

●

●

●

●

●

●

●

●

●

●

Behavior of gl (m, Q2) at lowest x and highest Q2

range ~ unique

Measurement of AG(~, Q2) in the largest ~~ range

using many approaches

Polarized parton distributions in photons from photo-

production ~ unique

Direct determination of Aqv = Aq – Atj via charged

current events

Spin Physics beyond standard model... and more

-Pi-ii and J/i-.& scattering at + N 40 C-en With

WRA-.G

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

surement AP/P ~ 5yo

Two working collider detectors and people who

them !

mea-

know

It would be unfortunate not to polarize the
proton beam !
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An Electron Ring in RHIC Tunnel

Possible 10-12 GeV electron ring in RHIC tunnel (??)

~ Will enable e ● A and Z“ ~ scattering

+=
~0 p with @ w 100 GeV ~ A Mini-Hera

Recall for HERA ~ N 300 GeV

o
104 T—

------

*
103 ~

102 ~

10

Q2 (GeV2)
105 Abhay.Desh pan&3 at Yale Ed.

Polarized HERA

SMC Measurements

SLAC + HERMES

Polarized RHIC-(ep)

1P
E . ,

.’ ,’
.’ .-

.’
l“, ,,,,,8,1 , ,,,,,,,1 , ,,,,,,,7 , !!,,,,,,, ,,, ,,.

10
-6

10-5 10-4 10-3 10-2 10-’ 1

x

Physics program similar to Polarized HERA. Luminos-

. . . .. Detector issues:ity?? Modify presently available?
Build New?

Dedicated studies needed.

WORKSHOP ANNOUNCEMENT SOON
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SYSTEMATIC FOR POLARIZATION MEASUREMENTS

H. Spinka

High Energy Physics Division
ATgonne National LaboTato7y, ATgonne, lllinois 60439, 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 (AL, AR), beam intensity for
a particular pulse or bunch (l?+), beam polarization (P*), and a product of
acceptance and efficiency (df’lL, dfl~). 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= [(P+ + P-)/2] X [(AL+ AR)/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 (dfl) varies and is correlated with beam polarization sign. An
example is given where the beam or target moves left to right or the efficiency

changes to give values of ~L and d~R correlated with polarization sign. b
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 dSl or the luminosity monitors, as de-
scribed in this talk. This fact will make collaboration between the diflerent

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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FERMION BOSON COLLISIONS

AND SWIFT PROTON POLARIMETRY

Nigel H. Buttimore

University of

RIKEN BNL

6-8

Summary
—. .-

Dublint Trinity College

RHIC SPIN MEETING

October 1999

Ihespln asymmetriestor 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°~

;=; AX+ Ag+Lq+L9.

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 E 2 Im (~++” ~+-)/ (1.f++12+ lf+-12)

where there is an electromagnetic component ~j + eiaf~, (j = ++, +–) that

involves a phase shift d = a (Zln ]2/bt] – Z~ + . . “) Cahn, Z. Phys. C15, 253

(1982) resulting from higher order Coulomb effects that

the differential cross section.

Interference betiveen nonflip amplitudes ~J~(s, -t) and

when t = tC = –8mZa/OtOt(pC) x –0.0013 (GeV/c)2.

photon exchange helicity nonflip amplitude at high s and

involve b, the slope of

~++(s, t) is prominent

The approximate one

low It/

uses proton Dirac and carbon electromagnetic form factors normalized according

to .F’l(0) = 1 and F’(O) = 1. The t 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,

involves the Pauli form factor F2 of the proton. Here F2(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 6 of about ll% in the interference region for a carbon

target with Z = 6 suggests that trigonometric approximations for, eg, COS6

should be avoided. Assuming that the hadronic imaginary part has exponential

dependence on small t the asymmetry may be written in an approximate two-part

form to show the p dependence and spin dependence with a numerator

mAN 16x do
——e-b’ c [(P-1 -21mr)cos6 -(p-2 Re.)sind]$

~ O& dt

–2Rer+2p Imr

and a denominator, the scaled unpolarized differential cross section

167T do ~-b’ = tc 2——
o& dt ()–2(pcos 6+sin6)$+l+p2

T

where the hadronic nonflip ratio is p = Re ~++/Im f++ and a cinematically scaled

hadronic ratio of the helicity flip amplitude is defined as

f+-r=—
~ x Im f++

The maximum of the interference asymmetry near

parameters p, 6, Rer, and Im r, and, to first order

t max = fit. depends on the

in these quantities, it is

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 AN in the interference region; and proportionately for other

values of p. Note the importance of knowing the Bethe phase 6 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 Re r 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 gluonexchange inpion-nucleon, kaon-nucleon,

and pC elastic collisions. A study of multiple gluon exchange would lead to

additional understanding of the rde 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(& Ak; &, Ad) with & = +

and & E {+, O, —}, four (i = 1–4) can be non-zero in the forward direction, five

(i = 5-9) have ~ single flip dependence, two (i = 10-11) have –t double

flip dependence, and lY12(+-; –+) has –t= dependence. The asymmetry at

interference involves the significant amplitudes

21m[~G*(~l+~Q)+-oo]

‘N = IHI12+ IH212+ IH312+ IH412 + 2[Hf3p+ 0-.

where each includes an electromagnetic element related to spin 1/2 and spin 1

electromagnetic currents, Waldenstr@m, Nuovo Cimento 3A, 491 (1971). The

one photon exchange helicity amplitudes, calculated by Corbett, MSC TCD 1984,

have approximate form (and here lf~m(+-; –O) is insignificant)

H:m(+j; +j) = y F@ F:(t)

in the nonflip case Iabelled by i = 1, 3, 4 for deuteron felicities j G {+, O, –},

respectively, where F’id(t)is a deuteron electromagnetic form factor. The proton

single flip amplitudes ~~m(++; ––) and 17~m(+O; –O) are unimportant, but

H;m(++;–+) = ~ & F2(t) F:(t)—

while the deuteron single helicity flip electromagnetic amplitudes are

H:m(++; +0)=H;m(+o;+–) = ~ W)&@)

,, ;> .“.:
...
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where G$(0) is related to Pd = 0.8574, the magnetic moment of the deuteron,

and U! is the deuteron mass. The double spin flip amplitudes, ll~(++; +–)

and lYf~(+O; —+), play no r61e in the interference region.

5. Asymmetry maximum for pd

The Coulomb phase shift J 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

3 m AN 16mdo ~.bt——
~ m %?ltdt

= [pP–1–21mr -(p-2 Rer)d]~
t

–2Rer+2p Imr

where the unpolarized differential cross section is

167T do ~–bt = tc 2—— ()–2(P+o; +l+p2+”. ”& dt 7

with ratio p = Re lY+/Im H+ referring to the hadronic non-flip amplitude H+

(an appropriate average of ~1, ~s, and HA) and a cinematically scaled hadronic

ratio of the proton helicity flip amplitude is defined as

——

‘= ax
Again a negative value of p(s) would reduce

Hfj

Im H+ “

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).

I am grateful to Enterprise

Programme lC/1999/075.

Ireland for partial support under its International
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Summary

●

●

●

●

●

The elastic

increasingly

reactions pC, pp, and pd form a sequence of processes with

rich spin structure

The maximum spin asymmetry at

helicity flip amplitude, as does the

fitC depends on p(s) and the hadronic

optimal figure-of-merit at tC

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 CT,O,(@/@(@)

The pd maximum asymmetry, likewise, is expected to be reduced from the

pp value by the factor (2/3) O~O~(pp)/a~O~(pci)ifthe pure spin elastic

amplitudes, HI, .lY3, and H4, are equal.

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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Carbon target
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MCP

4

Silicon strip \
detector Carbon foil I

Energy measurement ‘5pglcm2 O 13 25 cm

6ch,4mm/strip

surface:bare Si
E950 DetectorArrangement
Kazu Kurita/RIKEN, RBRC 5
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Carbonasymmetry is
statistically significant
The physics asymmetry
increaseswith arrival time
=> consistent with theory

Effect of different
discriminator threshold
was found to be very small

Asymmetry ofprompt is
less than 0.001

Other systematic error
study is being done

0.0071- 1

Doom

I

t
1,0031-

).002i-

, +Tl
+

+

I
I

I

‘oo:~
o 1 2 3 4 5 6

/eynmdry

Time bins
Kazu KuritaiRIKEN, RBRC 13
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Summary I
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We successfully detected
AGS ring

We see asymmetry
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carbon recoils inside the

t dependence seems to be qualitatively consistent
with theory but we are not ready to compare with
theory quantitatively

Error from calibration is under evaluation

We started the preparation for RHIC pC CNI
polarimeter

I

I

Kazu Kurita/RIKEN, RBRC

I
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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 4p m/cm 2, 6,um 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 horoscopes used in 33925. By comparing with data taken

at 22GeV/c(AGS E925) and 200 GeV/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: commissioningone ring up to 100GeV with

polarized beam

FY2001: Physics run at 100GeV(both rings
polarized)N.R

need a fast and reliable polarimeter with 10%
relative error in a few minutes or seconds.

10/8/99 Haixin Huang/BNL
NiiT1ON~L LAB ORAWRY,,

.
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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

N . Data Acquisition ( remote controllable)N.6 Q
● Improvement on the electrical noise reduction

10/8199 Haixin Huang/BNL

~,,...$ j
, ,.*

BROOKWUEN
NAT1 ONAL LAB() RATORY
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pC CNI polarimeter for RHIC

. 1.6m long(5: 1 tapering
on both ends)

● 17cm radius
.3 pairs of SSDdetectors
vertical and horizontal

targets
●capable of measuring both
vertical and horizontal
beam polarization profiles

10/8199 8 Haixin Huang/BNL hE&RtlOKlfifii* EN
NitT1ONiIiL LA130RAr0RY,.
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FY2000:

FY2001:

RHIC Polarimeter Schedule
f

p+C CNI Polarimeter in blue ring, with a possible p+C
elastic scattering polarimeter for injection energy only

p+C CNI polarimeters in-both rings

one ring

p+p CNI with unpolarized gas jet target(PP2PP)

I

FY200n: p+p with polarized gas jet target

,.

I

I

10/8/99 15 Haixin Huang/BNL iiBROOK16* EN
NATIONAL LAB() RATORY



Physics Asymmetries Using Bunch Polarizations
and Crossing Luminosities

Gerry Bunce, BNL and RBRC
RHIC Spin Workshop, October 1999

False asymmetries are always a central concern 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 concerns 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. Concerns are
saturation for 2 collisions in the same crossing, and statistics since we want to
keep track of relative luminosity to 10-3 to 104. (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 1013 crosses in
10G seconds, and we need 108 counts in the monitor. Therefore, the monitor can
have 10-5 efficiency, which would eliminate saturation concerns. We will also be
able to sum energy or multiplicity as luminosity monitors.

,, .,,,,...,, ,+...,* ,,., , ,’,,”,’. .. , ..,,’,.;,..
. .
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Weiqhted Polarization for RHIC

L$ = luminosity for crossing i, + polarization bunches

P:= polarization of bunch i, + polarization bunches, from polarimeter

For a single spin asymmetry, AL,

P+=z L; P~/XL; , P-= XL; P;/ XL;

P.Vg= (P++ P-)/2, P~ff= (P’ - P-)/2

AL= l/Pav~ X ( N+ _ N-)/[ (N++ N-)-( N+- N-)x Pdiff/P,,~]

(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, ALL,

P+’- s ( X Pa: Pb~ Li- +ZPa~PM- Li-)/(ZLi*+ZLi-)j

P“+= ( Z Pa: PM-Li- + Z Pa; Ph+Li+ )/ ( Z Li+ + Z Li+ )

where P~~is the polarization for bunch i of beam a, + bunches,

and Li+ is the luminosity of crossing i for the combination of+

bunches in beam a and – bunches for beam b, etc.

P.“, = (P+’-+ P+-’+)/ 2, Pdi. = ( P*’- - P+’+ ) / 2

ALL= l/pavgX(h& - N’_’+)/ [(N~- + N~+) - (N+’- - N’_’+) x Pd#a.~]

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 1032}

-Accelerator luminosity measurements => absolute luminosity to
<IOYO ??

-No present candidate to monitor luminosity at Phenix with a known
cross section for proton-proton collisions => no present second
handle 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.

-~ relative luminosity is needed => for spin, we need to only count
live luminosity, not correct total counts with a Iivetime fraction
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-One approach on polarized proton luminosity monitors—very
inefficient monitors to avoid saturation and accidentals:

-for jet production N = NH+ N+ can be 10Gover entire run of 4
x 10Gseconds

Q statistics of L = L+++ 1-+= 108desired
* out of 107 crosseslsecond, or 4 x 1013crosses
9 mcmitor should be >2.5 x 10-6efficient

-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 2nd
RHIC run—to be continued.



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 abouthhrow 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 Iowa State.
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Figure 1: GL1-lP block diagram. Note that the physics shadow
partition is used to provide the busy information as well as to reset the
luminosity counters on a partition accept for the shadow partition. The
“monitor” boxes denote data that can be stored in the diagnostic
monitor ftios, and are not part of the GL1-lP algorithm.
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np Charge Exchange Polarimetry

E.J.Stephenson, for the E948 collaboration
Indiana University Cyclotron Facility, Bloomington,, IN 4T408 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 .4 = 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)z. 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. .4 trigger consisted of a signal~, 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)2. 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. -4s 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’?ZOwas provided by E925.

The neutral. hadronic events were peaked at a lower calorimeter energy. -4s 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 107o. Data taken using a CD2 target shows a larger analyzing power. Subtraction gives the
analyzing power for deuterium alone, which reaches 30Y0. 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 (0-4Z) 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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FIGURES OF MERIT
(hadronic)

a (pb) A F. O. M.

charged:

c 1340 0.0271TO.0024 0.98

CHZ 4030 0.0273 T0.0025 3.00

CDZ 3445 0.034170.0019 4.01

neutral, full peak:

c 167 0.0400=0.0069 0.27

CDZ 245 0.0564 T0.0054 0.78

neutral, upper half of calorimeter energy:

c 87 O.O61OTO.OO96 0.33

CDZ 136 0.1015T0.0074 1.40

deuterium onlv:.
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. Kolstera, T. Wise~
aNI1{HEF/Vrije Universiteit Amsterdam, 1009 DB Amsterdam, The Netherlands

b University of Wisconsin, Madison, WI 53706 USA

Abstract

The advantagesof internal polarized targets for the operation in storage rings and their
high polarization give a possible basisfor the polarimetry at RHIC. The restrictions in the
use of an internal target for RHIC polarimetry are given by high reliability and precision
with minimumeffort. These criteriacan be met if the internaltarget is operated near the
high polarization limit –100% polarization– and the analysis of the target polarization
is 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 1 = 6 x 1016atoms s-l resulting in
an equivalent beam pressure of pb = 10–s 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 quadruple 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 sextuples in ABS and analyzing magnet block out particles on axis, helping
to optimize the rejection efficiency of the sextuples. Thus a polarized beam can be
produced in the interaction point, whose composition of hyperfine states is known with a
precision of AP= = 2 – Cl + Cz, the sum of the inefficiencies E of both RF-transitions. The
adiabatic transitions can be operated with an efficiency up to t = 99.5!70~ 170 [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, Pz = nl – nz – (n~ – n4) cos (3(B)
[1,3], where O(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 cro 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 250 mT, ~x the critical field for hydrogen atoms, the spins
are well decoupled (COS0( B) -+ 1) and the mixed state polarization approaches 100Yo. The
jet target polarization including the unpolarized background results in P~ = cro- P= with
an estimated uncertainty of 4P. = 0.02 and boo = 0.01 [1,3].

[1] B. Braun, Ph.D. Thesis, Ludwig-Maximilians-Universitat Miinchen, 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-Maximili~;Universitat Miinchen, Germany (1998)
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● New approach”: *- calibrating polarimeter

Possible in pp - pp with jet tar~e~ (pohrize~ unpolarized):.-

A~(pT p-PP)-A~(pp~ ‘Pp) ~PR{PP-.PPf)

(T-invariance ~ Pauli principle)

.
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Polarimetry at the ~xperiments

Kenichi Imai
Department of Physics, Kyoto University and RIKEX.

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 PHENiIX 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 CNI 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 fi.dly longitudinally polarized beam: it is sensitive to detect the trans-

verse component of the beam polarization. If any sizable AT 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 AT was observed only at large .X-F (larger than 0.3)
with low Pt which is not covered by the PHEINIX and STAR. (At high Pf,
the figure of merit is very small because of the low event rate even though
the AT is large.)

We propose one method which utilizes an small electro-magnetic calorime-

ter surrounding the beam pipe to detect n“s at large ~F, where -4~ is ex-

pected to be more than 10’ZO..4 simulation showed that the transverse com-

ponent of the beam polarization in both horizontal and vertical directions

can be measured at a few ‘?ZOlevel within several hours.

Possible methods of relative monitor of the longitudinal polarization at

the experiments are briefly discussed. If the gluon polarization is relatively

large, one can expect a finite A~~ even at rather low Pt for the inclusive To

at PHEIWX and jet at STARY 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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“-/ error estimation”of polarization determination
and trigger ratio

error trigger
~ P_T cut estimation ratio------ ----- ------ ------ -----_ ------ ----- __ ------ --
200GeV 0.5GeV/c 0.065 l;7E+-4/sec

1.5GeV/c ‘0.075 1.2E+2/sec
2.5GeV/c 0.132 3.7E+o/sec---- ----- ---- ------ ------ ------ ------ --- ----- -----

500GeV 0.5GeV/c 0.109 1.2E~5/sec
1.5GeV/c ().~06 2.~~~x/SeC
2.5GeV/c ~~ o.~27 ~.7~+2/sec

----- ----- ---- --- ------ ------ ----- ------ -_ ----- ---

Position B
---- ----- - ------ ------ ----- ----- ----- ----- ----- ---
200GeV 0.5GeV/c ().()47 9.~~+3/sec

1.5GeV/c 0.066 2.o~+~/sec
2.5GeV/c ~.~~~ ~. 8~-~/Sec

---- ---- ---- ---- -- ----- ---- ---- ---- ----- _ ----- ----
500GeV 0.5GeV/c 0.057 8.0H4/s~c

1.5GeV/c 0.057 ~.~~+3/sec
2.5GeV/c 0.069 5. 9E+l/sec---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ___ ----- --

TaMe 1: Properties of Crys[a]s for Caloriinctry at p~ colliders, compared to BGO

I
1 CrystalTypeand Properties I

!“

Parameter !
7.13 4.ss

——
6.16

2.15
p[g/c~3]

1.49, 1.62 z.~() / n
1
I

I
1.12 2:06 1.6S

I -J.J -.
0.s5 ; ;.r{cIIlj

~!.> 26(.W=‘2.?.?99 ~6.~ I
! I
I

2.i[CIil]
t

?.~~ 3-39 263 2.!9 ~ \fo!i5re Rmiius lcm~

i ..0~.~t
195-220/310 340/300 qqyj~() ~ ~.lntx[nm]

i

~ 300 0.S/630 3(M 2.z19.9139I z[ns]
I

I 100 16I’1OO 55 q-~ I ~ght ~i~ld [~ Of BGO] ,

-1.55. 0.14 -1.9 TcmpcraturcD cpcncicnccr [WI]
10 >10’$ >104 ? Radiation Hardness [Gy]

256

. — —.

.



...
f I I

-1$” -[0 -5”

0/0

20

“10

257

...
.,’: . .,, >~)1 ;

,!,,, .,.,..:... ,
..



. .__L.-. A-. —. .—.. -—+ -.. ..” -- : . . . . . .— -.——— .

Workshop on RHIC Spin
October 6–8, 1999

Organizing Committee: Les Bland, Mike Tannenbaum, Aki Yokosawa,
Yousef Makdisi, Naohito Saito, Thomas Roser, Bob JafFe,

Jacques Soffer (cochair), and Gerry Bunce (cochair)

LIST OF REGISTERED PARTICIPANTS

Name Affiliation and Address E-mail Address

Mei Bai Brookhaven National Laboratory mbai@bnl.gov
RHIC
Bldg. 1005S
Upton, NY 11973-5000

Jan Balewski Indiana University balewski@iucf.indiana.edu
Cyclotron Facility
2401 Mllo B. Sampson Lane
BIoomin@on, ~ 47408

Victor Baublis Brookhaven National Laboratory baublis@rcf.rhic. bnl.gov
Physics Department
Bldg. 51OC
Upton, NY 11973-5000

Les Bland Indiana University bland@iucf.indiana. edu
Cyclotron Facility
2401 Milo B. Sampson Lane
Bloomington, IN 47408

Daniel Boer Brookhaven National Laboratory dboer@bnl.gov
RIKEN/BN7L Research Center
Bldg. 51OA
Upton, NY 11973-5000

Alessandro Bravar CERN sandro.bravar@cern .ch
Division EP
CH-1211, Geneva 23
Switzerland

Mwlynda Brooks Los Alamos National Laboratory mbrooks@lanl.gov
MS H846, Group P-25
Los Akunos, NM 87545

Gerry Bunce Brookhaven National Laboratory bunce@bnl.gov
RIKEN/BNL Research Center
Bldg. 51OA
Upton, NY 11973-5000

Nlgel Buttimore University of Dublin, ‘Trhity College nhb@maths.tcd.ie
School of Mathematics
Dublin 2
Ireland

I-Hung Chiang Brookhaven National Laboratory chhmg@bnl.gov
AGS Department
Bldg. 911B
Upton, NY 11973-5000

258



Workshop on FUIIC Spin
October 6–8, 1999

Organizing Committee: Les Bland, Mike Tannenbaum, Aki Yokosawa,
Yousef Makdisi, Naohito Saito, Thomas Roser, Bob Jaffe,

Jacques Soffer (cochair), and Gerry Bunce (cochair)

LIST OF REGISTERED PARTICIPANTS

Name

William Christie

Affiliation and Address E-mail Address

Brookhaven National Laboratory christie@bnl.gov
Physics Department
Bldg. 51OA
Upton, NY 11973-5000

John Collins Penn State collins@phys.psu. edu
Physics Department
104 Davey Lab
Universit~ Park, PA 16802

Huaizhang Deng P.O. BOX 426 deng@bnl.gov
Upton, NY 11973

Abhay Deshpande Yale University abhay.deshpande@yale. edu
Physics Department
467 J.W. Gibbs, P.O. Box 8121
New Haven, CT 06520-8121

Elvio DiSalvo Univerita di Geneva elvio.disalvo@ge .infn.it
Dipartimento di Fisica

Vla Dodecaneso 33

1-16146 Geneva

Italy

Hideto En’yo Kyoto Univ. enyo@pn.scphys. kyot&u.ac.jp
Physics Department
Sakyo-ku, Kyoto, 606-8502
Japan

Geary Eppley Brookhaven National Laboratory eppley@physics. rice.edu
RHIC Magnet Group
Bldg. 902B
Upton, NY 11973-5000

Ron Gill Brookhaven National Laboratory rongill@bnl.gov
Physics Department
Bldg. 510.4
Upton, NY 11973-5000

Yuji Goto Brookhaven National Laboratory goto@bnl.gov
Physics Department, Bldg. 51OC
Upton, NY 11973-5000

Oleg Grachov Wayne State University grachov@physics. wayne.edu
Department of Physics
Detroit, MI 48301

Matthkis Gross-Perdekarnp Brookhaven National Laboratory matthku@bl.gov
RIKEN/BNL Research Center
Bldg. 51OA
Upton, NY 11973-5000

,-, -:,,:,, .,, <., . .,, ,,
....
..

1,,



—-

Workshop on RHIC Spin
0ctober6–8, 1999

Organizing Committee: Les Bland, Mike Tannenbaum, Aki Yokosawa,
Yousef Makdisi, Naohito Saito, Thomas Roser, Bob Jaffe,

Jacques Soffer (cochair), and Gerry Bunce (cochair)

LIST OF REGISTERED PARTICIPANTS

Name Affiliation and Address E-mail Address

Wlodek Guryn Brookhaven National Laboratory guryn@bnLgov
RHIC
Bldg. 51OC
Upt&, NY 11973-5000

Tim Hallman Brookhaven National Laboratory halhnan@bnLgov
Physics Department
Bldg. 510
Upt&, NY 11973-5000

Ping He Brookhaven National Laboratory phe@bnl.gov
ATF
Bldg. 820
Upton, NY 11973-5000

Haixin Huang Brookhaven National Laboratory huanghai@bnl.gov
AGS, Bldg. 911B
Upton, ti 11973-5000

Vernon Hughes Yale University hughes@hepmail.physics.yaJe.edu
Physics Department
467 J.W. Gibbs
New Haven, CT 06520-8121

George Igo UCLA igo@physics.ucla. edu
Los Angeles, CA 90024

Ken Imai Kyoto University imai@ne.scphys.kyot~u. ac.jp
. Physics Department

Sakyo-ku Kyoto, 606-8502
Jarmn.

Robert Jaffe MIT jaffe@mit.edu
Department of Physics
Room 6-311
Cambridge, MA 02139

Tojo Junji Brookhaven National Laboratory tojo@bnl.gov
Physics Department
Bldg. 51OC
Upton, NY 11973-5000

Ralf Kaiser DESY - Zeuthen kai@hermes.desy.de
Notkestrasse 85
22607 Hamburg
Germanv

260



Workshop on RHIC Spin
October 6–8, 1999

Organizing Committee: Les Bland, Mike Tannenbaum, Aki Yokosawa,
Yousef Makdki, Naohlto Saito, Thomas Roser, Bob 3affe,

Jacques Soffer (cochair), and Gerry Bunce (cochair)

LIST OF REGISTERED PARTICIPANTS

Name

Dmitri Kharzeev

Affiliation and Address E-mail Address

Brookhaven National Laboratory kharzeev@bnl.gov
Physics Department
Bldg. 51OA
Upton, NY 11973-5000

Hauke Kolster Desy-Hermes kolster@hermes. desy.de
Notketstrasse 85
D-22603 Hamburg
Germanv .

Shunzo Kumano Saga University kumanos@cc.saga-u .ac.jp
Department of Physics
Saga 840-8502
Japan

Kazuyoshi Kurita Brookhaven National Laboratory kurita@bnl.gov
Physics Department, Bldg. 51OC
Upton, NY 11973-5000 .

David Lee Los Alamos National Laboratory dlee@lanl.gov
MS H846
LOS Alamos: NM 87545

Andreas Lehrach Brookhaven National Laboratory lehrach@bnl.gov
CAD, Bldg. 911B
Upton,NY 11973-5000

Ming X. Liu Brookhaven National Laboratory ming@bnl.gov
Physics Department
Bldg. 902C
Upton, NY 11973-5000

Derek Lowenstein Brookhaven National Laboratory lowenstein@bnl.gov
AGS
Bldg. 911B
Upton, NY 11973-5000

Alfredo Luccio Brookhaven National Laboratory luccio@bnl.gov
AGS
Bldg. 911B
Upton, NY 11973-5000

Waldo MacKay Brookhaven N’ational Laboratory waldo@bnl.gov
AGS, Bldg. 911B
Upton, h~ 11973-5000

‘

Yousef Makdisi Brookhaven National Laboratory makdisi@bnLgov
RHIC, Bldg. 1005
Upton, NY 11973-5000

261

?., “.,’ .,. ..,,. .:, ,:
., ..

, .. .,--.. .. . ... /. ,>, .“’. . .

.. ..... . .. . ,,, , .--:’.::.- -,
,,,. - ‘- ,’ .2’”. ,. .,> \ ,:...

,, .. ->., -!> ..
,., .’?> .. . .. -.



Name

Yajun Mao

Workshop on RHIC Spin
0ctober6–8, 1999

Organizing Committee: Les Bland, Mike Thnnenbaum, Aki Yokosawa,
Yousef Makdisi, Naohito Saito, Thomas Roser, Bob Jaffe,

Jacques Soffer (cochair), and Gerry Bunce (cochair)

LIST OF REGISTERED PARTICIPANTS

Miiliation and Address E-mail Address

Brookhaven National Laboratory mao@bnl.gov
Physics Department
Bldg. 51OC
Upton, NY 11973-5000

Trevor Mercer 70923 Avenue S.E. trevormercer@hotmaiLcom
Calgary Alberta
Canada

Jiro Murata Brookhaven NationaJ Laboratory jiro@bnl.gov
Physics Department
Bldg. 51OC
Upton, NY 11973-5000

Sandibek Nurushev IHEP - Protvino nurushev@nx.ihep.su
Experimental Physics
Pobeda 1, Protvino
Moscow Region, 142284
Russia

Akio Ogawa Penn State

Vassili Papavassiliou New Mexico State Univ. pvs@nmsu.edu
Physics Department
M.S. 3D
Las Cruces, NM 88003

Stephen Peggs Brookhaven National Laboratory peggs@bnl.gov
RHIc
Bldg. 1005S
Upton, NY 11973-5000

.41do Penzo INFN-’Tkieste Denzo@xcern.tern. ch

Gory Pretz Brookhaven National Laboratory pretz@sun2.bnl.gov
Physics Department
Bldg. 51OA
Upton, NY 11973-5000

John Puskar-Pasewicz Indiana Univ.
Cyclotron FaciMy
2401 Mdo B. Sampson Lane
Bloomington, IN 47408

John Ralston Univ. of Kansas ralston@duhub.cc. ukans.edu
Physics Department
Lawrence, KS 66045

Thomas Roser Brookhaven National Laboratory roser@bnl.gov
AGS, Bldg. 911B
Upton, NY 11973-5000

262

,



Workshop on RHIC Spin
0ctober6–8, 1999

Organizing Committee: Les Bland, Mike Tannenbaum, Aki Yokosawa,
Yousef Makdisi, Naohito Saito, Thomas Roser, Bob Ja&e,

Jacques Soffer (cochair), and Gerry Bunce (cochair)

LIST OF REGISTERED PARTICIPANTS

Name

Adam Rusek

Affiliation and Address E-mail Address

Brookhaven National Laboratory rusek@bnldag.bnl .gov
Physics Department
Bldg. 510
Upton, NY 11973-5000

Vladimir Rykov Wayne State rykov@physics.wayne .edu
Dept. of Physics and Astronomy
Detroit, MI 48201

Naohito Saito Brookhaven NationaJ Laboratory saito@bnl.gov
RIKEN/BNL Research Center
Bldg. 51OA
Upton, NY 11973-5000

Mark %ldt Brookhaven National Laboratory sakitt@bnLgov
Adv. Tech.
Bldg. 197C
Ur)ton. NY 11973-5000.,

Hiroki Sato Brookhaven National Laboratory satohko@bnl.gov
Physics Department
Bldg. 51OC
Upton, NY 11973-5000

Ernst Sichtermann Brookhaven National Laboratory sichterm@sun2 .bnl.gov
Physics Department
Bldg. 51OA
Upton, NY 11973-5000

Jacques Soffer Univ. of Marseille jacques.soffer@cpt .univ-mrs.fr
Luminy Case 907
F13288 Marseille
Cedex 09
Prance

James Sowinskl Indiana University sowinsk@iucf.indiana. edu
Cyclotron Facility
2401 Nhlo B. Sampson Lane
Bloomington, IN 47408

Harold Spinka Argonne National Laboratory C/O Ruth ~1~1
High Energy Physics ral@hep.anl.gov
9700 S. Cass Avenue
Argonne, IL 60439-4815

Axel Steinmetz P.O. Box 571 axels@bnl.gov
Upton, NY 11973

263

.,,,:,>:-.?;,,:>, ,. ... ‘?::.,: .,., ,., : ;,:.. .r.,,,:,- y. . .:,..,.. , :,.!. ,

.. - ,,:.ti.j;,. “.. .. ,, .-.. . ,,. ,..+>,
. . . ?. ’:. l:~’ :’. ...’ .,



—.-—————— —.-

Workshop on RHIC Spin
October 6–8, 1999

Organizing Committee: Les Bland, Mike Tannenbaum, Aki Yokosawa,
Yousef Makdisi, Naohito Saito, Thomas Roser, Bob JafFe,

Jacques Soffer (cochair), and Gerry Bunce (cochair)

LIST OF REGISTERED PARTICIPANTS

Name Affiliation and Address E-mail Address

Ed Stephenson Indkma Univ stephens@iucf.indkma.edu
Cyclotron Facility
2401 Milo B. Sampson Ln.
Bloomington, IN 47408

Makoto Sugioka Brookhaven National Laboratory sugioka@bnl.gov
Physics Department
Bldg. 51OC
Upton, NY 11973-5000

Atsushi Taketani Brookhaven National Laboratory taketani@bnLgov
Physics Department
Bldg. 51OC
Upton, NY 11973-5000

Michael J. Tannenbaum Brookhaven National Laboratory mjt@bnl.gov
Physics Department, Bldg. 51OC
Upton, NY 11973-5000

Hisayuki Torii Brookhaven National Laboratory htorii@bnl.gov
Physics Department
Bldg. 51OC
Upton, NY 11973-5000

Larry Trueman Brookhaven National Laboratory trueman@bnl.gov
Physics Department
Bldg. 51OA
Upton, NY 11973-5000

Itzhak Tserruya Weizmamn Institute itzhak.tserruya@weizmann.ac.il
Department of Particle Physics
Rehovot
Israel

David Underwood Argonne NationaJ Laboratory dgu@hep.anl.gov
High Energy Physics
9700 S. Cass Avenue
Argonne, IL 60439-4815

Steve Vigdor Indiana University vigdor@iucf.indiana. edu
Cyclotron Facility
2401 Miio B. Sampson Ln.
Bloomington, IN 47408

Monique Werlen CERN monique.werlen@ cern.ch
Division EP
CH-1211, Geneva 23
Switzerla&d

264



Workshop on RHIC Spin
October 6–8, 1999

Organizing Committee: Les Bland, Mike Tannenbaum, Aki Yokosawa,
Yousef Makdisi, Naohito Saito, Thomas Roser, Bob JafFe,

Jacques Soffer (cochair), and Gerry Bunce (cochair)

LIST OF REGISTERED PARTICIPANTS

Name Affiliation and Address E-mail Address

Sebastian White Brookhaven National Laboratory white 1@bnl.gov
Physics Department
Bldg. 51OC
Upton, NY 11973-5000

Anatoli Zelenski Brookhaven National Laboratory zelenski@triumf.ca
AGS Department
Bldg. 911B
Upton, NY 11973-5000

265

. .... ... . ..... . . . . .. .. .,,,. , ,,, ..,,,. ,,. , ‘v’ .,.: ,;’. J- . ,.

. ., ., - ,-..,,, - “,’ >><,

-.,,t ,.’; ,: ;..:~,



.

Physics Department - Large Seminar Room
I

Organizing Committee: Les Bland, Mike Tannenbaum, AkI Yokosawa,
Yousef Makdisi, Naohito Saito, Thomas Roser Bob Jaffe

(Jacques Soffer (cochair), and Gerry Bunce cochair)

I
I

AGENDA
RIKEN BNL Research Center I

Workshop on RHIC Spin
October 6–8. 1999

Welcome-(TBC)

Introduction to the RHIC Spin Workshop

RHIC commissioning in 1999

RHIC plans for 2000

Intro. and status of pol. protons at RHIC

Coffee

The STAR spin program–overview and status

Progress of the Phenix Spin program

The pp2pp spin program

Lunch

Wednesday. Oct. 6
Opening Session – Session Chair: Jacques Soffer

08:45 T.D. Lee

09:00 G. Bunce

09:15 S. Peggs

09:30 D. Lowenstein

09:45 W. Mackay ,

10:15

10:30 S. Vigdor/G. Eppley
11:15 N. Saito
12:00 A. Penzo

12:30
Gluon Polarization – Session Chair: Naohito Saito
13:30 M. Werlen Direct photon experimental results and issues

14:15 M. Tannenbaum kT issues

14:45 R. Jafie Angular momentum in QCD

15:30 Coffee

16:00 Y. Goto Phenix 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
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Thursday, October 7
Quark Polarization – Session Chair: Les Bland
09:00 J. Pretz SM’C semi-inclusive results

09:25 R. Kaiser HERMES semi-inclusive measurements of quark pol.

9:50 A. Ogawa W production with STAR

10:15 Coffee

10:45 S. Kumano Flavor asymmetry in long. -pol. and transv. distributions

11:15 N. Saito Discussion on quark polarization

11:30 V. Rykov CP tests and physics beyond Sill at RHIC

12:00 J. Soffer Comments on physics beyond SM at RHIC

12:15 Lunch

Transverse Spin – Session Chair: Aki Yokosawa

13:30 J. Ralston Spin and the well-dressed quark

14:15 D. Underwood Pion asymmetries

14:45 S. Nurushev Recent results on inclusive pion asymmetries

15:15 Coffee

15:45 R. Kaiser Hermes azimuthal asymmetry

16:15 D. Boer Transverse spin distribution and fragmentation functions

16:45 J. Collins Consequences to the RH..C spin program of the Hermes results

17:15 E. Di Salvo Transverse spin asymmetries in Drell Yan

17:45 End of Session

19:00 Conference Dinner (sponsored by RBRC)
Dockside Restaurant, Port Jefferson

Friday, October 8
Accelerator Session – Session Chair: G. Bunce

09:00 A. Lehrach Maximum polarization from the A GS

09:15 M. Bai rf dipole studies and plans in A GS and RHIC

09:45 A. Lehrach Beam polarization distributions for RHIC

10:15 Coffee

10:45 T. Roser Bunch pol., variations, other systematic issues

Future spin possibilities at RHIC

11:15 S. Peggs eA and ep collider studies for RHIC

11:45 A. Deshpande Physics of polarized ep colliders at RHIC and HERA

12:15 Lunch
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Polarimetrv for RHIC – Session Chair: Yousef Makdisi

13:30 H. Spinka Systernatics in polarization measurements

14:15 N. Buttimore Fermion boson collisions and swifl proton polarimety

14:45 K. Kurita p-carbon polatimetry-an update

15:15 H. Huang The RHIC polarimeter--preparations

15:45 Coffee

16:15 G. Bunce Physics asymmetries using bunch polarizations and crossing lure.

16:30 E. Stephenson np backward scattering polarimetry

17:00 H. Kolster Polarized jet for RHIC polatimetry

17:30 K. Imai Polarimetry at the experiments

18:00 Y. Makdisi Discussion on RHIC polarimetry

18:30 Workshop End
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Forthcoming RIKEN BNL Center Workshops

Title: Event Generator for RHIC Spin Physics III
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:a

Ms. Pamela Esposito
RIKEN BNL Research Center
Building 51OA, 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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