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““Proton Spin CrisisProton Spin Crisis””
EMC PLB & NP (1988)EMC PLB & NP (1988)

Proton Spin carried Proton Spin carried 
by Quark Spin is by Quark Spin is 
ZERO??ZERO??
–– Gluon SpinGluon Spin？？
–– Orbital MotionOrbital Motion？？
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PartonParton Distribution FunctionsDistribution Functions
Quark DistributionQuark Distribution

q(x,Q2)=

∆q(x,Q2)=

δq(x,Q2)=

=
unpolarized distributionunpolarized distribution

helicity distributionhelicity distribution

transversity distributiontransversity distribution

g(x,Q2)=

∆g(x,Q2)=
No Transverse Gluon Distribution

Gluon DistributionsGluon Distributions



DIS of Lepton from NucleonDIS of Lepton from Nucleon
Structure Probed by PhotonStructure Probed by Photon
–– Function of Function of xx and and QQ22==--qq22

–– ∝∝Charge SquaredCharge Squared
Not distinguish Down and StrangeNot distinguish Down and Strange
Insensitive to GluonInsensitive to Gluon

Objective isObjective is

Observables areObservables are
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Separation of Separation of PolPol’’ Quark Quark DistDist’’ss
Only two independent measurements     Only two independent measurements     
gg11

pp((xx, , QQ22) and ) and gg11
nn((xx,,QQ22))

Separation into 3 quark Separation into 3 quark distdist’’ss relies on relies on 
–– 11stst moments (employ moments (employ ββ--decay decay constconst’’ss), ), unless unless 

direct measurement of seadirect measurement of sea--quarkquark
–– Different coupling with Different coupling with ∆∆gg((xx)) thru thru QQ22 evolution evolution 
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How much do we know about ∆g(x)?



Precision Data from DISPrecision Data from DIS
Precision Data in Precision Data in 
Wide Kinematical Wide Kinematical 
RangeRange
–– QQ22 evolution evolution 

agrees with agrees with pQCDpQCD
NotesNotes：：
–– Only Fixed Target Only Fixed Target 

Spin Experiments Spin Experiments 
so farso far……

–– Need a Need a ColliderCollider to to 
extend kinematical extend kinematical 
coveragecoverage

Q2 (GeV2)

g1



From From gg11((xx,,QQ22)) to to ∆Σ∆Σ

Proton

Deuteron = Proton + Neutron

3He=Neutron

Proton

Deuteron = Proton + Neutron

3He=Neutron
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Integrate over x (0,1)Integrate over x (0,1)！！

Utilize Octet Baryon Utilize Octet Baryon ββ--Decay ConstantsDecay Constants！！

–– SU(2) OKSU(2) OK！！
　　（　　（BjorkenBjorken SRSR））
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Assumptions in Assumptions in gg11 to to ∆Σ∆Σ
Relation between St Fn Relation between St Fn 
and and ββ--decay constdecay const
–– Confirmed Experimentally Confirmed Experimentally 

((BjorkenBjorken SR!)SR!)
Extrapolation to SmallExtrapolation to Small--xx
–– No (solid) guideline from No (solid) guideline from 

TheryThery
–– ReggeRegge? BFKL? ? BFKL? δδ--fn at x=0?fn at x=0?

Flavor SU(3) assumptionFlavor SU(3) assumption
–– What precision?What precision?
–– Require independent Require independent 

determination ofdetermination of……

S∆ AAC Collaboration in PRD (2000)
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PolarisedPolarised PDFPDF
AAsymmetrysymmetry AAnalysis nalysis CCollaboration ollaboration 

M. Hirai, S. Kumano and N. Saito, PRD (2004)M. Hirai, S. Kumano and N. Saito, PRD (2004)
Valence Valence DistDist’’ss
are determined are determined 
wellwell
Sea DistSea Dist’’ is is 
poorly poorly 
constrainedconstrained
Gluon can be Gluon can be 
either >0, =0, <0either >0, =0, <0
Even if we Even if we 
assume assume ∆∆gg((xx))=0, =0, 
ChiChi--square square 
changes only 2.5%changes only 2.5%
–– Sea quark error Sea quark error 

is reducedis reduced

Error size in the 
previous plot

Error size in the 
previous plot



Impact of PHENIX Prompt PhotonImpact of PHENIX Prompt Photon
If we include Future PHENIX Data into If we include Future PHENIX Data into 
Global AnalysisGlobal Analysis……

AAC Prel
im

inary

AAC Prel
im

inary

M. Hirai et al.



Impact of Impact of ∆∆ss MeasurementMeasurement
Improve Knowledge on Spin Flavor Structure Improve Knowledge on Spin Flavor Structure 
of the Proton of the Proton 
–– Beyond Flavor SU(3) assumptionBeyond Flavor SU(3) assumption
Neutron EDM Neutron EDM 
–– nn--EDM predicted EDM predicted 
using qusing q--EDM and EDM and ∆∆qq

Dark Matter Dark Matter 
–– Better determination of DarkBetter determination of Dark--Matter reactionMatter reaction
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ννNN Elastic ScatteringElastic Scattering
Cross section for Cross section for ννNN elastic Scatteringelastic Scattering

–– Where (Where (QQ22 dropped for brevity)dropped for brevity)
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BNLBNL--Experiment 734Experiment 734

Measured elastic Measured elastic 
scattering cross sectionscattering cross section

and and 
–– Liquid Liquid scintillatorscintillator + Drift + Drift 

Tube 170 tTube 170 t
–– 0.5E19 POT for neutrino 0.5E19 POT for neutrino 

and 2.5E19POT for antiand 2.5E19POT for anti--
neutrinoneutrino

–– QQ22>0.40 GeV>0.40 GeV22

((L.A.AhrensL.A.Ahrens et.alet.al PRD35(87)785; Reanalysis G.T. Garvey et. al PRC48(93)761)PRD35(87)785; Reanalysis G.T. Garvey et. al PRC48(93)761)

pp νν → pp νν →
Too High Q2 Cut-off

79% from Carbon

Go to  lower Q2

Extract Pure Proton



ννNN--Elastic Scattering Exp at JElastic Scattering Exp at J--PARCPARC
OnOn--axis at near detector hall for T2K axis at near detector hall for T2K 
ExperimentExperiment
Utilize both two types of Utilize both two types of LiqScintillatorLiqScintillator with with 
different different H/CH/C mixture for pure proton signalmixture for pure proton signal
–– e.ge.g BicronBicron BC510A (BC510A (H/CH/C=1.212) and BC=1.212) and BC--533 533 

((H/CH/C=1.96)=1.96)
–– Pure Carbon can be extracted for Pure Carbon can be extracted for ννAA XsectionXsection
–– e.g. 5x5x5me.g. 5x5x5m33 ~ 125 t ~ 125 t 
1E21 POT possible in one year (130 days)1E21 POT possible in one year (130 days)
–– 30 times BNL30 times BNL--E734E734
–– Require polarity change for Require polarity change for ν and v



Sensitivity for Sensitivity for ∆∆ss
AssumptionsAssumptions
–– Similar Detection Efficiency to Similar Detection Efficiency to 

E734: E734: 
7.6% for neutrino7.6% for neutrino--N elasticN elastic
5.4% for anti5.4% for anti--neutrinoneutrino--N elasticN elastic

–– However with lower QHowever with lower Q22 cutcut--off : off : 
0.1 GeV0.1 GeV22

Achievable with more uniform Achievable with more uniform 
detector detector 

–– 25 times more statistics but pure 25 times more statistics but pure 
proton only 1/6proton only 1/6

Factor 2 reduction in statistical error Factor 2 reduction in statistical error 
–– Systematic control improvements Systematic control improvements 

to ~5% to ~5% 
E734 7.6% dominated by Beam E734 7.6% dominated by Beam 
Flux and Nuclear Effects Flux and Nuclear Effects 
Possible to remove Nuclear Effects Possible to remove Nuclear Effects 
which could be larger in lower Qwhich could be larger in lower Q22

regionregion



Comparison with E734Comparison with E734
If If ∆∆ss is the only parameter to be is the only parameter to be 
determineddetermined
–– E734: E734: 
–– JJ--PARC: PARC: 

ButBut…… ∆∆ss and and MMAA coupled coupled 
significantly significantly 
–– E734: E734: 
–– JJ--PARC:  PARC:  
–– N.B. other analysis of E734 N.B. other analysis of E734 

provided better precision: provided better precision: 
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Better determination of ∆s with 
Significantly improved Sytematics

Separation with MA might be 
Problematic



Other Existing EffortsOther Existing Efforts
SemiSemi--Inclusive DISInclusive DIS
–– DESYDESY--HERMES and CERNHERMES and CERN--COMPASSCOMPASS
–– Subject to FF Uncertainties: BELLE measurement of FFSubject to FF Uncertainties: BELLE measurement of FF
–– Limited in xLimited in x--regionregion

RHIC Spin (Polarized pp RHIC Spin (Polarized pp ColliderCollider at BNL)at BNL)
–– Clear determination of uClear determination of u--bar and dbar and d--bar with W bar with W 

production, however limited in xproduction, however limited in x--regionregion
–– Measurement of Ds requires charmMeasurement of Ds requires charm--associated W associated W 

production : small production : small xsectionxsection
FINeSSEFINeSSE experiment proposed at FNAL; BNLexperiment proposed at FNAL; BNL
–– Extend to lower Extend to lower QQ22 (as we discussed) (as we discussed) 
–– Seem to propose only neutrino measurementsSeem to propose only neutrino measurements

Only quadratic combination will be determined Only quadratic combination will be determined subject to two subject to two 
solution problemsolution problem

–– Subject to Nuclear Effects (Subject to Nuclear Effects (LiqLiq ScintillatorScintillator) ) 



Other physics topics to be investigatedOther physics topics to be investigated
NeutrinoNeutrino--Nuclear cross Nuclear cross 
sectionsection
–– Interesting by its own; Interesting by its own; 

important subject of important subject of 
Nuclear/Nuclear/HadronHadron PhysicsPhysics

–– Also provide a better Also provide a better 
control in oscillation control in oscillation 
physicsphysics

WeakWeak--Mixing Angle Mixing Angle 
measurementsmeasurements
–– LowLow--Q2 determination of Q2 determination of 

sinsin22θθWW
–– Interests triggered by Interests triggered by 

NuTeVNuTeV, Atomic PV, and , Atomic PV, and 
PV in PV in eNeN scattering scattering 

–– Q: Testing EW? Or Q: Testing EW? Or 
Testing Testing HadronHadron Physics? Physics? 



SummarySummary
Strangeness Polarization in the Proton Strangeness Polarization in the Proton ∆∆ss is still is still 
missing key to resolve missing key to resolve ““Proton Spin CrisisProton Spin Crisis””
Impact of the better determination is huge in Impact of the better determination is huge in 
Particle/Nuclear PhysicsParticle/Nuclear Physics
New measurement at JNew measurement at J--PARC is consideredPARC is considered

LetLet’’s Work Together to solve s Work Together to solve 
one of the most important problems one of the most important problems 

in in HadronHadron Physics!Physics!
http://www.nucl.phy.titech.ac.jp/~sspin/


