
Exploring the nucleonExploring the nucleon helicity helicity
structure with pp collisionsstructure with pp collisions

Abhay DeshpandeAbhay Deshpande
Stony Brook UniversityStony Brook University

RIKEN BNL Research CenterRIKEN BNL Research Center

October 4, 2006



October 4, 2006 Abhay.Deshpande@Stonybrook.EduAbhay.Deshpande@Stonybrook.Edu 1

THIS IS NOT A SUMMARY TALK!THIS IS NOT A SUMMARY TALK!
Those were done already on Monday afternoon  by eachThose were done already on Monday afternoon  by each

experimentexperiment

So if you do not see your favorite slide orSo if you do not see your favorite slide or
your own work,your own work,

 I apologize I apologize
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OutlineOutline

•• Aftermath of EMC Spin CrisisAftermath of EMC Spin Crisis
•• Motivation of a proton-proton Motivation of a proton-proton collidercollider

•• The RHIC Spin program at BNLThe RHIC Spin program at BNL
–– Status: An experimentalistStatus: An experimentalist’’s views view

•• Double spin asymmetry resultsDouble spin asymmetry results
–– Limitations and aspirations: short term outlookLimitations and aspirations: short term outlook
–– NeedsNeeds

•• Summary & closing commentsSummary & closing comments
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The spin crisis & its aftermathThe spin crisis & its aftermath
•• European European Muon Muon CollaborationCollaboration’’s discovery in 1988/89s discovery in 1988/89

–– Quarks (+ anti-quarks) do not carry the expected fraction ofQuarks (+ anti-quarks) do not carry the expected fraction of
nucleon spin!nucleon spin!

•• NatureNature’’s message: Look again, look s message: Look again, look elsewhereelsewhere……..

Quark ModelQuark Model QQCCD + Orbital motionD + Orbital motion

?

EllisEllis’’s  beers  beer
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PDFs PDFs & Fixed target DIS& Fixed target DIS
Limitations:Limitations:
•• Virtual photon can Virtual photon can notnot directly interact with gluons directly interact with gluons

–– Charge-less gluons and colorless quarks: donCharge-less gluons and colorless quarks: don’’t see t see ““eye-to-eyeeye-to-eye””
–– Indirect contacts: Photon-Gluon-Fusion process(Indirect contacts: Photon-Gluon-Fusion process(eses))

•• Fixed target experiments ==> Fixed target experiments ==> low center of mass:low center of mass:
–– clean interpretation of results usingclean interpretation of results using pQCD  pQCD difficult in certaindifficult in certain

processesprocesses

•• Virtual photon can Virtual photon can notnot distinguish quarks from anti-quarks: To distinguish quarks from anti-quarks: To
accomplish this one has to consider fragmentation functions accomplish this one has to consider fragmentation functions ππ,Ks etc,Ks etc……..
uncertainties arise.uncertainties arise.

NotNot  ““limitationslimitations”” of  of   polarized DIS, but of polarized DIS, but of   fixed targetfixed target polarized DIS polarized DIS
See talks on October 7, by K. De Jaeger & S. AronsonSee talks on October 7, by K. De Jaeger & S. Aronson
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What other options do we have?What other options do we have?

•• Why not collide Why not collide protons on protons?protons on protons?
–– Each is an ample source of Each is an ample source of ““glueglue””, could be used to probe the gluon, could be used to probe the gluon’’ss

role role directlydirectly

•• To keep the To keep the interpretation of results cleaninterpretation of results clean using  using pQCDpQCD
–– AA collider  collider at at high energyhigh energy

This was the motivation  for
the RHIC Spin programthe RHIC Spin program

It also allows a beautiful & elegant way to
explore the quark quark vs vs anti-quarkanti-quark spin contribution
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RHIC as A PolarizedRHIC as A Polarized Collider Collider

BRAHMS & PP2PP 

STAR

PHENIX

AGS

LINAC
BOOSTER

Spin Rotators
(longitudinal polarization)

Solenoid Partial Siberian Snake

Siberian Snakes

200 MeV Polarimeter AGS Internal Polarimeter

Rf Dipole

RHIC pC PolarimetersAbsolute Polarimeter (H↑ jet)

AGS pC Polarimeters
Strong AGS Snake

Helical Partial Siberian Snake

PHOBOS

Spin Rotators
(longitudinal polarization)

Spin flipper

Siberian Snakes

Installed and commissioned during FY04 run
Commissioned during FY05 run
Installed and commissioned during FY05 runM. Bai’s talk Oct.2, 2006
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Polarized Polarized Collider Collider DevelopmentDevelopment

2233444444----Collision pointsCollision points
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The RHIC Spin: PhysicsThe RHIC Spin: Physics
1.1. Direct determination of the polarized Direct determination of the polarized gluon distributiongluon distribution using many using many

independent probesindependent probes
–– Requires double longitudinally polarized pp collisionsRequires double longitudinally polarized pp collisions

2.2. Direct determination of the Direct determination of the polarized quark & anti-quarkpolarized quark & anti-quark
polarizationpolarization using W using W+/-+/- production in pp collisions and its PV decay production in pp collisions and its PV decay
–– Requires at least one beam longitudinally polarizedRequires at least one beam longitudinally polarized
–– Also 500 Also 500 GeV GeV in CMin CM

3.3. Transversity Transversity and other transverse spin effectsand other transverse spin effects which may lead to which may lead to
better understanding of the transverse spin structure of the protonbetter understanding of the transverse spin structure of the proton
–– Requires at least one transversely polarized proton beamRequires at least one transversely polarized proton beam
–– This will be described in A. OgawaThis will be described in A. Ogawa’’s talk which followss talk which follows
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Exquisite Control: Systematic UncertaintiesExquisite Control: Systematic Uncertainties

Bunch crossing intervals 100Bunch crossing intervals 100’’s of ns s of ns 
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I will not have a detector slide!I will not have a detector slide!
•• PHENIX Design philosophy: (details in Ken PHENIX Design philosophy: (details in Ken BarishBarish’’s s talk, 2A, Monday)talk, 2A, Monday)

 Detector RedundancyDetector Redundancy
 Fine Granularity, Mass ResolutionFine Granularity, Mass Resolution
 High Data RateHigh Data Rate
 Good Particle IDGood Particle ID
 Limited Acceptance in central Limited Acceptance in central calorimetry calorimetry and forward and forward muon muon detectorsdetectors

•• STAR (details in B. STAR (details in B. SurrowSurrow’’s s talk, 2A, Monday)talk, 2A, Monday)
–– Large acceptance with Large acceptance with azimuthal azimuthal symmetrysymmetry
–– Good tracking, particle IDGood tracking, particle ID
–– Central & forward Central & forward calorimetrycalorimetry

•• Both have collisions counters and zero-degree-calorimeters toBoth have collisions counters and zero-degree-calorimeters to
characterize eventscharacterize events

YOU HAVE SEEN THEM IN MANY TALKS!YOU HAVE SEEN THEM IN MANY TALKS!
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Method of accessing Method of accessing ΔΔG: exampleG: example

•• Different Different hard scattering processhard scattering process: which result in final states : which result in final states (1)(1) and  and (2)(2)
–– They could be: 2-Jets, Jet-photonThey could be: 2-Jets, Jet-photon
–– Jets --> Jets --> hadronizehadronize/fragmentation--> (/fragmentation--> (ππ, K, p, K, p……))

•• Fragmentation function required for the appropriate processFragmentation function required for the appropriate process
–– InclusiveInclusive and  and semi-inclusivesemi-inclusive: measurements in RHIC detectors: measurements in RHIC detectors

Hard Scattering ProcessHard Scattering Process

2P
22xP

1P

11xP (1)

(2)
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The ProcessesThe Processes…….. On a .. On a partonic partonic levellevel

Direct Photon          Direct Photon             Di   Di-Jet production                     Heavy Quark-Jet production                     Heavy Quark
productionproduction

gΔ

gΔ

gΔ

gΔgΔ

qΔ gΔ

qΔ



October 4, 2006 Abhay.Deshpande@Stonybrook.EduAbhay.Deshpande@Stonybrook.Edu 13

Double Longitudinal AsymmetryDouble Longitudinal Asymmetry
•• The measurement:The measurement:

•• Where Where + and - indicate (longitudinal) spin+ and - indicate (longitudinal) spin orientations orientations
•• R is a ratio of the number of collisions with [++ R is a ratio of the number of collisions with [++ vsvs. +-] spin. +-] spin

orientations in the experiment: orientations in the experiment: Relative Luminosity ratioRelative Luminosity ratio

•• Experiments have to confirm that the spin orientation is indeedExperiments have to confirm that the spin orientation is indeed
longitudinal when they collide in the experimental IRlongitudinal when they collide in the experimental IR
–– Local Local PolarimetryPolarimetry
–– Does not really measure polarization; only checks spinDoes not really measure polarization; only checks spin

orientation in collisionsorientation in collisions
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Interpretation of AInterpretation of ALLLL

•• The measured double longitudinal asymmetries have to beThe measured double longitudinal asymmetries have to be
interpreted in terms of interpreted in terms of ΔΔG:G:
–– This is done in the framework of This is done in the framework of perturbative perturbative QCDQCD

•• How do we know that the How do we know that the perbative perbative QCD approach isQCD approach is
appropriate for the kinematics in which Aappropriate for the kinematics in which ALLLL is measured? is measured?

•• Compare the NLO Compare the NLO pQCD pQCD calculations in the kinematics ofcalculations in the kinematics of
the experiment with their datathe experiment with their data
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 p+p-> p+p->ππ00+X, 200 +X, 200 GeV GeV CM &  central rapidityCM &  central rapidity
•• Central rapidity of PHENIXCentral rapidity of PHENIX

experimentexperiment

•• Next-to-Leading orderNext-to-Leading order
calculations match very well withcalculations match very well with
the available datathe available data
–– Over nine orders ofOver nine orders of

magnitude in cross sectionmagnitude in cross section
–– Wide range of Wide range of pTpT

•• Indication that Indication that pQCD pQCD methodsmethods
are valid for this are valid for this kinematic kinematic rangerange

•• Interpretation of asymmetries inInterpretation of asymmetries in
terms of polarized gluons:terms of polarized gluons:
reasonablereasonable

W. Vogelsang
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  ππ00 asymmetry at 200  asymmetry at 200 GeV GeV CMCM
•• Run-5 (preliminary) + Run-6Run-5 (preliminary) + Run-6
((partial,partial, preliminary) preliminary)

•• Compared with the different Compared with the different ΔΔGG
scenarios coming from DIS fixedscenarios coming from DIS fixed
target experiments & some modeltarget experiments & some model
dependent inputs to themdependent inputs to them

•• PreliminaryPreliminary: Zero Gluon more: Zero Gluon more
likely than the GRSV-Std (afterlikely than the GRSV-Std (after
Run-6 inclusion) ??Run-6 inclusion) ??

•• Caveat: Caveat: the variation in theorythe variation in theory
uncertainty is not considered inuncertainty is not considered in
these Confidence Levelthese Confidence Level
calculations yet. Detailed analysescalculations yet. Detailed analyses
underway.underway.

C.L. (%)C.L. (%)

0.0-0.00.0-0.0

11.1-12.211.1-12.2

0.0-0.00.0-0.0

1.5-8.81.5-8.8

Run5Run5
& Run6& Run6

0.0-1.10.0-1.1

14.2-16.514.2-16.5

0.0-0.00.0-0.0

0.5-7.00.5-7.0

Run6Run6

0.0-0.90.0-0.9

16.9-18.616.9-18.6

0.0-0.00.0-0.0

18.0-22.118.0-22.1

Run5Run5

GRSV GRSV ΔΔG=G=－－GG

GRSV GRSV ΔΔG=0G=0

GRSV-max (GRSV-max (ΔΔG=G)G=G)

GRSV-stdGRSV-std

Theory modelTheory model

K.Boyle, 2A, Tuesday 
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STAR Inclusive Jet measurementSTAR Inclusive Jet measurement

GRSV-STD: 1.1
ΔG = G: 12
ΔG = 0: 0.7
ΔG = -G: 1.4
Rules out ΔG=G
(Run-5 data)

Inclusive jet cross section at NLOInclusive jet cross section at NLO
 in agreement with the data over  in agreement with the data over 
 7 orders of magnitude and wide  7 orders of magnitude and wide pTpT

D. Relyea, 2A, Tuesday

χ2 conf.
 levels
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STAR: STAR: ππ00 production production

•• Cross section at NLO inCross section at NLO in
agreement with dataagreement with data

•• First asymmetry measurementFirst asymmetry measurement
•• Consistent with PHENIXConsistent with PHENIX

previously released and new data.previously released and new data.

consistent with previous results from PHENIX

F.Simon, 2A, Tuesday
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RHIC Spin: inclusive RHIC Spin: inclusive ππ00 and jet and jet

Thanks: F. Simon & K. BoyleThanks: F. Simon & K. Boyle
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 STAR 2005 Inclusive  STAR 2005 Inclusive ππ+/-+/- A ALLLL

Charged pion measurements
 luminosity hungry

 Theoretical calculations 
 agree with the expectations

A. Kocoloski, 2A, Tuesday
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Other PHENIXOther PHENIX
measurementsmeasurements

F. F. EllinghausEllinghaus

A. A. MorrealesMorreales

M. Liu, FridayM. Liu, Friday
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ΔΔG ProspectsG Prospects

•• Left:Left: A ALLLL ( (ππ00) prospects by 2009 (65 ) prospects by 2009 (65 pbpb-1 luminosity -1 luminosity intregrated intregrated byby
PHENXPHENX using  using ππ00 double spin asymmetries double spin asymmetries

•• Right:Right: A ALL LL (jets) prospects by 2012 by (jets) prospects by 2012 by STARSTAR with 500 with 500 GeV  GeV in Centerin Center
of Mass dataof Mass data



October 4, 2006 Abhay.Deshpande@Stonybrook.EduAbhay.Deshpande@Stonybrook.Edu 23

Anti Quark PolarizationAnti Quark Polarization
•• Measured through singleMeasured through single

longitudinal proton collisions atlongitudinal proton collisions at
500 500 GeV GeV center of masscenter of mass

•• PHENIX needs PHENIX needs Muon Muon TriggerTrigger
upgrade (upgrade (funded NSF, JSPSfunded NSF, JSPS)  and)  and
the STAR detector needs thethe STAR detector needs the
forward tracker (proposal beingforward tracker (proposal being
written)written)

€ 

Δd + u  →W −

Δu + d →W −

Δd + u→W +

Δu + d →W +

u
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Now in the x spaceNow in the x space…… how does this look? how does this look?

•• Spin plan:Spin plan:
––   65 pb  65 pb-1-1 at  at √√s=200GeV & 70% s=200GeV & 70% polpol
–– 309 pb309 pb-1-1 at  at √√s=500GeV & 70% s=500GeV & 70% polpol

RHIC Spin Plan 2005, Feb. 11RHIC Spin Plan 2005, Feb. 11

Note the limited x range!Note the limited x range!

RHIC will constrain RHIC will constrain ΔΔG(x) veryG(x) very
 significantly, but how do we  significantly, but how do we 
 utilize these constraints to its utilize these constraints to its
 maximal impact? maximal impact?
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62 62 GeV GeV CM: probes a different xCM: probes a different x

Cross Cross 
 section section
 not yet not yet
 released! released!
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Maximal utilization of the facilityMaximal utilization of the facility……....
•• Vary the range of CME at RHIC: 62 Vary the range of CME at RHIC: 62 GeV GeV --> 200 --> 200 GeV GeV --> 500 --> 500 GeVGeV..

–– Difficult and with limited gain in x rangeDifficult and with limited gain in x range……
–– AALLLLs s and quark-anti-quark and quark-anti-quark parton parton distributions would be availabledistributions would be available

•• What else?What else?
–– Different probesDifferent probes

•• DiDi-Jets, photon-Jet, open heavy quark production-Jets, photon-Jet, open heavy quark production……..
•• W production and decay (anti-quark distributions..)W production and decay (anti-quark distributions..)

–– Detector upgrades to increase the physics Detector upgrades to increase the physics cabapabilitiescabapabilities: heavy: heavy
quark programquark program

•• Si Si VTX tracker for PHENIXVTX tracker for PHENIX
•• Inner tracker for STARInner tracker for STAR

•• Last but not the least: ALast but not the least: A comprehensive  comprehensive pQCD pQCD analysis at NLO of theanalysis at NLO of the
global data set:global data set:  AA  Global AnalysisGlobal Analysis
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Global AnalysisGlobal Analysis…… an urgent need! an urgent need!
•• To most fruitfully utilize all the data ==> to get the best possibleTo most fruitfully utilize all the data ==> to get the best possible

determination of polarizeddetermination of polarized parton  parton distributions we needdistributions we need
a Global Analysis of all available data sets:a Global Analysis of all available data sets:

•• Perturbative Perturbative QCD at the highest possible level of sophistication needsQCD at the highest possible level of sophistication needs
to be used to analyze these data (presently NLO)to be used to analyze these data (presently NLO)

•• An example : The Successful multi-year effort by the CTEQAn example : The Successful multi-year effort by the CTEQ
collaborationcollaboration
–– Experiments and theorists come together to and extract the Experiments and theorists come together to and extract the un-un-

polarizedpolarized parton  parton distribution and their uncertaintiesdistribution and their uncertainties
–– Judicious input from experimentalists Judicious input from experimentalists and and theorists on varioustheorists on various

issuesissues
–– Statistical, experimentalStatistical, experimental systematics  systematics and its correlation, and theoryand its correlation, and theory

uncertainties need to be dealt withuncertainties need to be dealt with
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The method: A simplistic viewThe method: A simplistic view

•• Observation:Observation:
–– Stat+Stat+Syst Syst errorserrors: mostly added in : mostly added in ““quadraturequadrature”” ignoring all ignoring all

correlations: this can clearly be improvedcorrelations: this can clearly be improved
–– SystSysttheory theory often least emphasizedoften least emphasized…… but typically large but typically large

DIS data  pp Data

Theoretical framework

χ2 minimization
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One One ““recentrecent”” attempt of global analysis.... attempt of global analysis....
•• Asymmetry analysisAsymmetry analysis

collaboration (AAC)collaboration (AAC)
–– Hirai, Kumano, SaitoHirai, Kumano, Saito

•• Pre-print: Pre-print: hephep-ph/0603213-ph/0603213
•• Recent: Recent: hephep-ph/0607063-ph/0607063

–– This new paper This new paper dealsdeals
with large x only (!) with large x only (!) andand
only shows error bars ofonly shows error bars of
the fit type 1 and 2the fit type 1 and 2

•• Recently the Recently the hephep/ph 607063/ph 607063
was quoted (not by authors)was quoted (not by authors)
and value of and value of ΔΔG and itsG and its
uncertainty:uncertainty:
>> 0.30 +/- 0.30>> 0.30 +/- 0.30
>> ignoring theoretical>> ignoring theoretical

uncertainties (low x)uncertainties (low x)

 hephep-ph/0607063: clearly says-ph/0607063: clearly says……..
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Initiation of the global analysisInitiation of the global analysis
•• As RHIC data starts becoming significant (next year or so), it isAs RHIC data starts becoming significant (next year or so), it is

absolutely absolutely timelytimely that we have a framework in which they can be that we have a framework in which they can be
analyzed in the most comprehensive manneranalyzed in the most comprehensive manner

•• A group of people not unlike the CTEQ collaboration is needed:A group of people not unlike the CTEQ collaboration is needed:
–– AAC collaborationAAC collaboration exists  (could this be a seed?) exists  (could this be a seed?)
–– Other theoretical groups already are working developing novelOther theoretical groups already are working developing novel

techniquestechniques
•• A fast Method for analysis of Inclusive DIS + RHIC pp dataA fast Method for analysis of Inclusive DIS + RHIC pp data
      M. M. StratmannStratmann, W., W. Vogelsang Vogelsang  PRD64, (2001) 114007PRD64, (2001) 114007
•• Inclusive & Semi-Inclusive data + PHENIX Inclusive & Semi-Inclusive data + PHENIX ππ00 data data
      D. de D. de Florian Florian et alet al,  PRD71 (2005) 094018,  PRD71 (2005) 094018
•• Others?Others?…… apologies for not mentioning apologies for not mentioning……

–– Many experimenters are interestedMany experimenters are interested……

•• Let this effort beginLet this effort begin…… earlier the better! earlier the better!
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The Elephant & the village of the blindThe Elephant & the village of the blind
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The Elephant  The nucleon spinThe Elephant  The nucleon spin……....

 g1
(p,n,d) (x,Q2)

 pp-->W-->µ/e

 pp --> π0+X

ΔΣ

DVCS
ΔG

ΔL

h1

 pp->γ+X
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SummarySummary
•• RHIC Spin program has begun: early data already on tapeRHIC Spin program has begun: early data already on tape
•• Exciting prospects for new data and unraveling of nucleon spin!Exciting prospects for new data and unraveling of nucleon spin!
•• While there is a lot to do in the next few years, the returns mayWhile there is a lot to do in the next few years, the returns may

be phenomenal: be phenomenal: Many exciting results anticipated in theMany exciting results anticipated in the
SPIN2008, 2010, 2012 symposiaSPIN2008, 2010, 2012 symposia……..

•• Stay tunedStay tuned……

We are here!
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ThatThat’’s it!s it!

You want more???!!You want more???!!


